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SUMMARY 


This  report  outlines  work  done  by  the  University  of  Dayton 
Research  Institute  (UDRI)  under  Contract  No.  F336I5-78-C-0504  to 
analyze  s  ereophotometric  data  sets.  These  data  sets  were  prepared 
by  the  Texas  Institute  for  Rehabilitation  and  Research,  and  consist 
of  stereophotometric  data  describing  the  body  surfaces  of  46  differ¬ 
ent  female  subjects. 

The  first  step  in  the  analysis  of  this  data  was  to  sort  data 
points  for  each  subject  into  19  groups.  Each  of  these  groups  then 
consisted  of  data  points  describing  the  surface  of  one  of  the  body 
segments  illustrated  in  Figure  3  of  this  report. 

The  data  sets  resulting  from  this  sorting  or  segmentation  were 
then  used  as  input  to  program  IMPED,  a  FORTRAN  coded  computer  pro¬ 
gram  written  jointly  by  the  UDRI  and  the  Mathematics  and  Analysis 
Branch  of  the  Air  Force  Aerospace  Medical  Research  Laboratory.  A 
sample  listing  of  all  analyses  performed  on  the  segmented  data  by 
program  IMPED  is  given  in  Appendix  I.  The  portions  of  IMPED  written 
by  the  UDRI  include  subroutines  to  compute  inertial  properties  for 
specified  combinations  of  body  segments,  location  and  direction 
cosines  of  the  segment  principal  axis  systems  from  the  directions 
associated  with  the  principal  mon^nt  vectors,  and  tabulation  of 
percent  height  versus  percent  volume  from  the  floor  to  specified 
heights  for  each  subject's  data  set. 

The  results  of  theee  analyses  provide  information  describing 
inertial  and  geometric  properties  for  each  of  the  46  subjects. 
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GLOSSARY  OF  TERMS 


Acromlale  (right  amd  left) :  The  moet  lateral  point  on  the  lateral 
margin  of  the  acromial  process  of  each  scapula. 

Anatomical  Axis  System:  A  right-handed,  three  dimensional  axis  system, 
defined  by  anthropometric  landmarks.  One  such  axis  system  is 
defined  for  each  body  segment. 

Anterior  Superior  Iliac  spine  (right  and  left) :  The  inferior  point  of 
each  anterior  superior  iliac  spine. 

Anthropometry:  Study  of  the  physical  dimensions  of  the  human  body. 

Articulated  Total  Body  Model:  Con^uter/mathematical  model  used  to 

simulate  the  motion  of  the  human  body  in  a  dynamic  environment. 

Bustpoint  (right  and  left) :  The  maximum  anterior  protrusion  of  a  bra 
cup. 

Cervicale:  The  superior  tip  of  the  spine  of  the  seventh  cervical  ver¬ 
tebra.  (The  protrusion  of  the  spinal  column  at  the  base  of  the 
neck . ) 

Clavicale  (right  and  left) :  The  point  on  the  most  imminent  prominence 
of  the  superior  aspect  of  the  medial  end  of  each  clavical. 

Cross  Section:  The  collection  of  data  points  describing  the  contour 
around  a  subject's  body  ac  some  horizontal  level. 

Crotch  Sensor:  The  subject  stands,  feet  slightly  apart  and  a  spring 
loaded  pole,  with  a  cross  bar  forming  a  T  at  the  top,  is  placed 
in  the  apex  of  the  crotch.  The  anterior  point  on  the  cross  bar 
is  located  photometrically. 

Dactylion  (right  and  left) :  The  tip  of  digit  III  of  each  hand. 

Direction  Cosine  Matrix:  A  three  by  three  matrix  used  to  relate  the 
orientation  of  one  axis  system  to  another.  If  DB(dj,j)  is  the 
cosine  matrix  of  axis  system  A  with  respect  to  axis  system  B, 
then  dij  is  the  cosine  of  the  angle  between  i^^  axis  (1«X,  2«Y, 
3«Z)  of  the  A  system  and  the  j^^  axis  of  the  B  system  (assuming 
the  axis  systems  have  been  translated  so  that  their  origins 
coincide) . 

Femoral  Epicondyle,  Lateral  (right  and  left) :  The  lateral  point  on 
the  lateral  epicondyle  of  each  femur. 

Femoral  Epicondyle,  Medial  (right  and  left) :  The  medial  point  on  the 
medial  epicondyle  of  each  femur. 
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Fibulare  (right  and  left):  The  proximal  tip  of  each  fibula. 

Fiducial:  A  marker  attached  to  a  subject's  body  in  order  to  locate  a 
landmark  during  the  digitization  process . 

FLAPS:  The  second  program  in  the  set  of  segmentation  programs.  It  is 
used  to  separate  out  data  points  describing  the  shoulder  and  hip 
flaps . 

Global  Axis  System:  A  right  handed  axis  system.  The  X-Y  plane  of 

this  axis  system  corresponds  to  the  standing  surface  of  the  sub¬ 
ject,  and  the  Y-axis  is  defined  by  the  projection  of  the  line 
segment  connecting  the  left  and  right  anterior  superior  iliac 
spines  onto  the  X-Y  plane.  The  origin  is  the  mid-point  of  this 
line  segment.  Positive  Y  is  to  the  subject's  left  and  positive 
Z  upward. 

Gluteal  Fold  (right  and  left) ;  The  lowest  point  on  each  gluteal  fold. 

Gonion  (right  and  left) :  The  lateral  and  inferior  point  on  the  back 

of  the  mandible  at  the  intersection  of  the  vertical  and  horizon¬ 
tal  portions  of  each  side  of  the  jaw. 

Head  Circumference:  A  point  in  the  midsagittal  line  of  the  forehead 
just  above  the  brow  ridges. 

Humeral  Epicondyle,  Lateral  (right  and  left) :  The  lateral  point  on  the 
lateral  epicondyle  of  each  humerus  with  the  arms  in  the  anatom¬ 
ical  position. 

Humeral  Epicondyle,  Medial  (right  and  left):  The  medial  point  on  the 
medial  epicondyle  of  each  humerus  with  the  arm  in  the  anatomical 
position. 

Iliocriacale  Points  (right  and  left) :  The  highest  point  on  the  crest 
of  each  ilia  in  the  midaxillary  line. 

IMPED;  Computer  program  written  jointly  by  the  AFAMRL/BBM  and  the 
UDRI  to  perform  analyses  of  the  stereophotometric  data. 

Inertial  Properties;  Properties  computed  by  Program  IMPED  for  each 
body  segment  including  mass,  center  of  gravity,  and  magnitude 
and  direction  of  principal  moments  of  inertia. 

Infraorbitale  (right  and  left) ;  The  lowest  point  on  the  inferior  mar¬ 
gin  of  each  orbit. 

Landmark:  Easily  identified  locations  on  the  human  body. 

Malleoli,  Lateral  (right  and  left) :  The  most  lateral  point  on  each 
lateral  malleolus. 


Metacarpale  II  (right  and  left) :  The  most  laterally  prominent  point 
on  the  lateral  surface  of  the  head  of  the  second  metacarpal, 
with  the  hand  in  the  anatomical  position. 

Metacarpale  III  (right  and  left) :  The  distal  point  in  the  midline  on 
the  head  of  the  third  metacarpal  with  the  hand  rotated  180°  from 
the  anatomical  position. 

Metacarpale  V  (right  and  left) :  In  the  anatomical  position,  the  most 
medially  prominent  point  on  the  medial  surface  of  the  head  of 
the  fifth  metacarpal. 

Metatarsal  I  (right  and  left) :  The  medial  point  on  the  head  of  each 
metatarsus  I . 

Metatarsal  V  (right  and  left) :  The  lateral  point  on  the  head  of  each 
metatarsus  V. 

Mid-thyroid  Cartilage:  The  anterior  point  in  the  midsagittal  plane 
of  the  thyroid  cartilage. 

Nuchale:  The  lowest  point  in  the  midsagittal  plane  of  the  occiput  that 
can  be  palpated  among  the  muscles  in  the  posterior-superior  part 
of  the  neck.  This  point  will  usually  be  obscured  by  hair. 

Olecranon  (right  and  left) ;  The  superior  point  on  the  olecranon  pro¬ 
cess  of  the  ulna  with  each  arm  in  the  anatomical  position. 

POLISH:  The  third  of  the  three  segmentation  routines.  This  computer 
program  produces  a  header  for  the  stereophotometric  data ,  com¬ 
bines  the  shoulder  flaps  with  their  respective  upper  arms,  and 
creates  a  cross-section  between  the  thorax  and  abdomen,  and  an¬ 
other  one  between  the  abdomen  and  pelvis . 

Posterior  Calcaneous  Point  (right  and  left) :  The  posterior  point  on 
each  heel . 

Posterior  Superior  Iliac  Midspine:  The  point  on  the  midspine  made  at 
the  level  of  the  posterior-superior  iliac  spines.  (A  dimple 
often  indicates  the  site  of  this  iliac  spine.) 

Principal  Axis  System;  A  right-handed  axis  system,  one  of  which  is 

defined  for  each  body  segment.  The  orientation  and  location  of 
these  axis  systems  depends  upon  the  mass  distribution  of  its 
associated  segment. 

Radial  Styloid  (right  and  left) ;  The  point  at  the  distal  tip  of  the 
radius . 

Radiale  (right  and  left) :  The  highest  palpable  point  on  the  head  of 
each  radius  with  the  arm  in  the  anatomical  position. 
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Scye  Points  (right  and  left) :  These  are  a  series  of  marks  drawn  at 

the  axillary  folds  formed  by  the  juncture  of  the  arins  and  trunk. 
Subject  stands  and  initially  abducts  slightly  her  right  am;  a 
straight  edge  is  placed  horizontally  under  the  ampit  so  that 
the  top  of  the  straight  edge  touches,  without  compressing  the 
tissue,  the  inferior  point  of  the  axillary  fold.  The  subject 
then  relaxes  the  am  and  short  horizontal  lines  are  drawn  at  the 
level  of  the  top  of  the  straight  edge  on  the  anterior  and  poste¬ 
rior  surfaces  of  the  arms  and  torso.  The  process  is  repeated  on 
the  left  side  of  the  body.  The  intersections  of  the  horizontal 
marks  and  the  vertical  lines  following  the  axillary  folds  in  the 
direction  of  the  acromion  are  the  scye  point  landmarks. 

Segmentation:  Separation  of  stereophotometric  data  points  into  groups, 

each  group  then  describing  the  surface  of  one  body  segment. 

Segmenting  Plane:  Planes  used  to  define  the  separation  between  body 
segments . 

Sellion:  The  point  in  the  midsagittal  plane  of  the  deepest  depression 
of  the  nasal  root. 

SGMNTS:  The  first  of  the  three  segmentation  routines.  This  computer 

program  groups  data  points  so  that  a  total  of  17  body  segments 
are  defined  at  its  completion. 

Sphyrion  (right  and  left) :  The  distal  end  of  each  tibia. 

Stereophotometrics;  A  process  used  to  obtain  data  points  describing 
the  body  surface  of  a  subject.  Simultaneous  photographs  are 
taken  of  the  subject  from  different  angles.  These  photographs 
are  then  computer  digitized  yielding  the  location  of  data  points 
on  the  surface  of  the  subject's  body. 

Suprasternale:  The  lowest  point  of  the  jugular  notch  on  the  superior 

margin  of  the  sternum. 

Symphysion:  The  anterior  point  in  the  midsagittal  plane  on  the  notch 
of  the  superior  border  of  the  pubic  symphysis. 

Tenth  Rib  (right,  left,  and  midspine) ;  A  series  of  marks  in  the  mid¬ 
spine,  in  the  midaxillary  line,  made  at  the  level  of  the  lowest 
point  on  the  inferior  margin  of  the  lowest  of  the  two  tenth  ribs. 

Tibiale  (right  and  left) :  The  superior  point  on  the  medial  margin  of 
the  head  of  each  tibia. 

Toe  II  (right  and  left) :  The  tip  of  digit  II  of  each  foot. 

Tragion  (right  and  left) :  The  deepest  point  of  the  notch  just  above 
the  tragus  of  each  ear. 
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Trochanterion  (right  and  left) :  The  proximal  point  of  the  greater 
trochanter  of  each  femur. 

I  Ulnar  Styloid  (right  and  left):  The  distal  point  of  each  ulna. 
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LIST  OF  ABBREVIATIONS,  ACRONYMS,  AND  SYMBOLS 


APAMRL/BBM  -  Mathematics  and  Analysis  Branch  of  the  Air  Force  Aero~ 
space  Medical  Research  Laboratory 

ASIS  -  Anterior  Superior  Iliac  Spine 

ATB  Model  -  Articulated  Total  Body  Model 

TIRR  -  Texas  Institute  for  Rehabilitation  and  Research 


UDRl  -  University  of  Dayton  Research  Institute 

*  -*  dot  or  scalar  product  of  two  vectors 

X  -  cross  product  of  two  vectors 
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SECTION  1 
INTRODUCTION 


The  development  of  mathematical/computer  models  capable  of  pre¬ 
dicting  the  motion  of  the  human  body  in  a  dynamic  environment  has 
created  a  need  for  extensive  data  describing  human  geometzry  and -iner¬ 
tial  properties.  These  models  have  been  used  to  predict  body  motion 
during  events  such  as  automobile  crashes  and  aircraft  cockpit  ejections/ 
and  are  capable  of  pointing  out  potentially  hazardous  designs  of  these 
two  environments.  One  such  model  is  the  Articulated  Total  Body  (ATB) 
Model  (Fleck  and  Butler,  1975)  developed  under  sponsorship  of  the 
Mathematics  and  Analysis  Branch  of  the  Air  Force  Aerospace  Medical 
Research  Lcdsoratory  (AFAMRL/BBM) .  The  ATB  Model  models  the  human  body 
as  a  series  of  connected  rigid  bodies,  referred  to  as  body  segments. 

The  ATB  Model  is  flexible  as  to  how  many  segments  are  used  to  define 
the  human  body.  There  is,  however,  a  standard  conf igiiration ,  consist¬ 
ing  of  15  segments,  which  is  illustrated  in  Figure  1. 

Body  description  data  required  by  the  ATB  Model  for  each  body 
segment  include:  center  of  gravity  of  the  segment,  segment  mass, 
principal  moments  of  inertia,  and  the  directions  associated  with  these 
moments.  In  the  past,  cadaver  studies,  such  as  those  performed  by 
Chandler,  et  al.  (1975)  and  Walker,  et  al.  (1973) ,  have  been  used  as 
a  source  for  the  body  description  data.  An  alternative  approach  has 
been  to  construct  geometric  models  approximating  body  segments.  These 
models  are  such  that  the  needed  data  items  are  known  functions  of  the 
model's  dimensions,  and  these  dimensions  may  be  computed  from  standard 
'anthropometric  measurements.  This  is  the  method  used  by  Reynolds 
(1976) .  This  approach  was  also  undertaken  during  the  early  months  of 
this  contract  (F33615-78-C-0504) ,  using  more  elaborate  geometric  models 
than  others  had  previously  in  order  to  better  approximate  body  segments. 
The  details  of  this  study  may  be  found  in  Leet  (1978) . 
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Thorax 
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Left  Foot 

Figure  1.  Fifteen  Segment  Configuration  Commonly  Used 
With  Articulated  Total  Body  (ATB)  Model. 
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A  technique,  referred  to  as  stereophotometry,  has  been  developed 
(Herron  et  al.,  1974)  to  obtain  three  dimensional  body  description 
data.  This  technique  involves  the  taking  of  simultaneous  pairs  of 
photographs  of  a  subject  from  the  front  and  rear  by  spatially  sepa¬ 
rated  cameras.  Data  from  these  stereophotographs  are  then  computer 
digitized  in  a  systematic  fashion  which  provides  coordinates  of 
points  on  the  surface  of  the  subject's  body.  The  digitization  pro¬ 
cess  is  performed  in  such  a  way  that  the  data  points  it  yields  are 
arranged  in  horizontal  body  cross  sections.  Assuming  homogeneity 
of  the  body,  numerical  integration  may  then  be  applied  to  this  data 
as  a  means  of  obtaining  inertial  data  for  that  subject.  The  Texas 
Institute  for  Rehabilitation  and  Research  (TIRR)  recently  applied 
the  stereophotometric  technique  to  a  group  of  46  female  subjects 
producing  a  body  surface  description  data  set  for  each  subject.  For 
some  of  the  subjects  the  method  was  applied  more  than  once,  as  a 
check  on  the  reproducibility  of  all  results,  giving  a  total  of  59 
data  sets.  These  were  handled  as  data  sets  describing  59  unique 
subjects  throughout  the  work  described  in  this  report. 

Each  data  set  prepared  by  Texas  Institute  for  Rehabilitation 
and  Research  (TIRR)  has  data  points  sorted  into  five  groups:  one 
group  of  data  points  describes  the  surface  of  the  head  and  trunk 
regions  of  the  body,  two  describe  the  arms,  and  two  describe  the 
legs.  These  five  sections  of  the  body  will  be  referred  to  as  TIRR 
segments  and  are  illustrated  in  Figure  2.  In  order  for  the  results 
of  analyzing  these  data  to  be  usable  in  terms  of  the  ATB  Model,  the 
results  must  be  configured  in  terms  of,  at  least,  the  15  body  seg¬ 
ments  shown  in  Figure  1.  Thus,  prior  to  analyzing  the  data,  the 
data  points  must  be  regrouped  according  to  a  larger  set  of  body 
segments.  The  procedures  used  to  regroup  the  data,  referred  to  as 
segmentation  routines,  are  outlined  in  Section  2. 

To  be  consistent  with  the  work  that  has  been  performed  by 
MCConvllle  et  al.  (1980)  the  data  points  for  each  subject  were  re¬ 
grouped  into  19  groups.  Each  of  these  19  groups  contains  data  points 
describing  one  of  the  body  segments  shown  in  Figure  3.  The  differ¬ 
ence  between  these  19  segments  and  the  IS  defined  for  the  ATB  Model 
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1 .  Head-Trunk 

2 .  Right  Arm 

3 .  Left  Arm 

4 .  Right  Leg 

5 .  Left  Leg 


Figure  2.  Five  Segment  Configuration  of  Texas  Institute  for 
Research  and  Rehabilitation  (TIRR)  Data. 
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Left  Calf 
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Left  Foot 

Nineteen  Segment  Data  Configuration  as  Produced 
by  Segmentation  Routines. 


(see  Figure  1)  i.s  'that  each  ATB  Model  lower  arm  has  been  separated 
into  a  forearm  and  hand,  and  each  ATB  Model  thigh  has  been  separated 
into  a  hip  flap  and  thigh  minus  flap.  Inertial  properties  calculated 
for  the  19  segment  model,  are  applicable  to  the  15  segment  model, 
since  it  is  a  simple  process  to  combine  the  inertial  properties  of 
two  or  more  segments  into  one  segment. 

The  segmentation  routines,  after  sorting  data  points  by  seg¬ 
ment,  distinguish  between  segment  representing  groups  in  the  data  in 
the  seune  manner  as  did  TIRR  in  the  preparation  of  its  data  set.  All 
cross  sections  containing  data  points  belonging  to  the  first  segment 
are  listed  first,  followed  by  those  with  data  points  belonging  to 
the  second  segment,  etc.  The  niimbers  associated  with  the  TIRR  seg¬ 
ments  and  the  19  segments  after  segmentation  are  the  same  as  in 
Figures  2  and  3,  respectively.  Cross  sections  belonging  to  the  same 
segment  are  listed  in  order  of  decreasing  Z  (vertical  axis)  coordi¬ 
nate.  The  data  for  a  cross  section  are  presented  in  a  format  (see 
Appendix  G)  that  gives  fix^t  the  cross  section  number,  number  of  data 
points  in  the  cross  section,  and  the  Z  coordinate  common  to  all  of  the 
points  in  the  cross  section.  This  is  followed  by  a  list  of  the  X,y 
coordinates  of  the  data  points  in  that  cross  section.  Cross  sections 
are  numbered  in  the  order  that  they  are  listed  within  a  segment  re¬ 
presenting  group.  Thus  the  cross  section  in  each  segment  with  the 
largest  Z  coordinate  has  a  cross  section  number  of  one,  and  each  cross 
section  numbered  one  signals  the  beginning  of  the  next  segment  re¬ 
presenting  group. 

After  the  segmentation  of  'the  stereophotometric  data  numerous 
analyses  were  performed  on  the  segmented  data  by  a  FORTRAN  coded 
computer  program,  IMPED.  Appendix  I  is  a  complete  listing  of  the 
results  of  these  analyses  for  one  subject's  data  set.  The  writing 
of  IMPED  was  performed  jointly  by  members  of  the  AFAHRL/BBM  and  the 
UDRI.  Portions  of  IMPED  which  calculate  principal  moments  of  inertia 
and  their  associated  directions,  volume,  and  center  of  gravity  for 
each  of  the  19  segments  were  written  by  members  of  the  AFAMRL/BBM. 
Portions  of  IMPED  written  by  the  UDRI  determine  the  principal  moments 
of  inertia  for  certain  specified  combinations  of  the  19  segments 


(including  those  combination  segments  used  in  the  ATB  Model)  and 
tabulate  partial  body  volume  as  a  function  of  distance  from  the 
standing  surface.  Additionally,  portions  of  IMPED  written  by  the 
UDRI  determine  the  location  and  orientation  of  segment  principal 
and  anatomical  axis  systems,  and  the  location  of  certain  landmark 
and  other  points  relative  to  these  two  axis  systems.  These  analyses 
carried  out  by  portions  of  IMPED  written  by  the  UDRI  are  discussed  in 
more  detail  in  Section  3. 
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SECTION  2 

SEGMENTATION  ROUTINES 

The  division  between  two  adjacent  body  segments  is  defined  by 
one  or  more  planes  (see  Table  1),  referred  to  as  segmenting  planes. 
For  each  segmenting  plane  a  normal  vector  and  a  point  on  the  plane 
are  specified.  As  an  initial  approach,  consider  the  problem  of  sepa- 
rating  the  data  points  between  two  segments. 

By  taking  a  vector  from  a  point  on  the  segmenting  plane  (the 
point  used  in  defining  the  segmenting  plane  is  used  in  practice)  to 
any  point  in  question,  and  dotting  this  vector  with  the  specified 
normal  to  the  segmenting  plane,  the  segment  the  point  in  question 
belongs  to  is  determined.  If  the  dot  product  is  positive  the  point 
lies  in  one  segment,  if  negative  it  lies  in  the  other  segment.  Some 
of  the  segments  are  separated  by  more  than  one  segmenting  plane. 
Points  are  separated  between  such  segments  by  specified  combinations 
of  positive  and  negative  dot  products  (see  Table  2) . 

To  the  extent  possible,  the  separation  of  data  points  into 
groups  corresponding  to  the  19  segments  shown  in  Figure  3  is  reduced 
to  the  problem  of  separating  data  points  between  two  segments,  as  has 
just  been  described.  The  actual  work  of  separating  data  points  is 
performed  by  three  computer  programs:  prograun  SGMNTS,  prograun  FLAPS, 
and  program  POLISH.  SGMNTS  is  run  first,  segmenting  the  data  pre¬ 
pared  by  TIRR  into  the  17  segments  shown  in  Figure  4a.  These  17 
segments  leave  the  right  and  left  shoulder  flaps  part  of  the  thorax 
and  the  right  and  left  hip  flaps  part  of  the  pelvis.  FLAPS  is  then 
run  twice.  On  its  first  rvm  it  separates  out  data  points  belonging 
to  the  left  shoulder  flap  and  left  hip  flap  (see  Figure  4b) ,  and  on 
its  second  mn  it  separates  out  the  right  shoulder  and  hip  flaps 
(see  Figure  4c) .  Lastly  POLISH  is  run.  It  combines  the  shoulder 
flap  data  points  with  their  respective  upper  arm  segments,  adds  a 
cross  section  between  the  thorax  and  abdomen  and  one  between  the 
abdomen  and  pelvis,  and  prepares  a  header  for  the  data  set.  The  data 
produced  by  POLISH  is  in  its  final  form  and  ready  for  analysis  by 
program  IMPED.  A  listing  of  these  three  programs  is  given  in  Appen¬ 
dix  F. 
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TABLE  2 


LOGIC  APPLIED  FOR  SEGMEtITS  SEPARATED  BY 
MORE  THAN  ONE  SEGMENTING  PLANE 


SEGMENTS  SEPARATED 

Neck-Thorauc 


Right  Shoulder 
Flap- Thorax 


Left  Shoulder 
Flap-Thorax 


Left  Hip  Flap 
-  Pelvis 


LOGIC  APPLIED 


IF 

THEN 

1 

dotj^  >  0  or  (dot^^O  auid  dot2>0) 

Point  belongs  in  neck. 

Otherwise 

Point  belongs  in  thorax. 

dotj^>0  or  dot2>0 

Point  belongs  in  thorauc. 

Otherwise 

Point  belongs  in  flap. 

dotj^>0  or  dot2>0 

Point  belongs  in  thorax. 

Otherwise 

Point  belongs  in  flap. 

dotj^>0  or  dot2>0 

Point  belongs  in  pelvis. 

Otherwise 

Point  belongs  in  flap. 

#  th 

dot.  refers  to  the  dot  product  con5>uted  for  the  i  segmenting  plane »  separating 
the  two  segments  (see  Table  1) . 


2 . 1  PROGRAM  SGMNTS 

Program  SGMNTS  performs  the  initial  grouping  of  data  points  into 
body  segments.  It  receives  the  data  prepared  by  TIRR,  which  is  sepa¬ 
rated  into  five  segments,  and  further  separates  it  into  a  total  of  17 
segments.  Each  data  point  output  by  SGMNTS  will  be  grouped  into  one 
of  the  body  segments  shown  in  Figure  4a. 

Definition  of  segmenting  planes,  necessary  to  perform  this  sepa¬ 
ration  of  data,  is  accomplished  by  use  of  anthropometric  landmarks  (see 
Table  1) .  Prior  to  photographing  a  subject,  TIRR  placed  a  fiducial  at 
each  of  the  76  landmarks.  In  most  cases  two  locations  were  then  re¬ 
corded  for  each  landmark  by  the  digitization  process  performed  on  the 
photographs.  The  tip  of  the  fiducial,  furthest  from  the  surface  of  the 
skin,  is  one  of  the  tv;o  locations  recorded,  and  is  referred  to  as  the 
distal  point.  The  other  point  recorded  may  be  anywhere  along  the 
fiducial,  and  is  referred  to  as  the  proximal  point.  The  fiducials 
used  are  three-quarters  of  an  inch  long.  Thus  the  actual  landmark,  on 
the  surface  of  the  skin,  lies  on  the  line  defined  by  the  proximal  and 
distal  points,  three-quarters  of  an  inch  from  the  distal  point  in  the 
direction  of  the  proximal  point.  In  some  cases  TIRR  was  able  to  di¬ 
rectly  record  the  actual  location  of  a  landmark.  When  this  was  possi¬ 
ble,  it  was  indicated  in  the  data  by  assigning  all  three  coordinates 
of  the  proximal  point  a  value  of  zero.  The  distal  point  then  takes 
on  the  location  of  the  landmark.  Program  SGMNTS  computes  the  actual 
coordinates  for  all  76  landmarks,  and  writes  these  coordinates  out  in 
order  that  they  may  be  used  directly  by  subsequent  programs,  as  well 
as  making  use  of  these  landmark  locations  itself. 

Additionally  SGMNTS  determines  two  Z  coordinates.  One  of  these 
is  computed  to  be  the  average  of  the  Z  coordinate  of  the  first  cross 
section  of  the  left  TIRR  arm  segment  and  the  smallest  Z  coordinate  of 
any  cross  section  in  the  TIRR  head-trunk  segment  that  is  greater 
(strictly)  than  this  first  Z  coordinate  of  the  left  arm.  This  process 
is  repeated  using  the  right  arm.  The  resulting  two  Z  coordinates  are 
written  out  by  SGMNTS  as  the  Z  coordinate  of  a  seventy- seventh  and 
seventy-eighth  landmark,  each  of  these  having  X  and  Y  coordinates  of 
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zero  (singly  as  a  space  filler) .  These  two  Z  coordinates  are  then 
used  by  pr'>grain  FLAPS  to  define  two  of  the  segmenting  planes  it  uses. 
Prior  to  writing  out  the  final  set  of  data  by  program  POLISH,  these 
two  landmarks  are  removed. 

Two  observations  were  made  on  the  arrangement  of  the  17  segments 
that  program  SGMNTS  divides  data  points  into  (see  Figure  4a) .  These 
observations  have  been  used  to  simplify  the  algorithm  used  by  SGMNTS. 

1.  The  data  points  in  any  one  horizontal  cross  section  of  one 
of  the  TIRR  segments  can  belong  to  at  most  two  of  the  17 
segments . 

2.  When  comparing  two  segments,  which  are  part  of  the  same 
TIRR  segment,  it  is  always  possible  to  speak  of  one  as  being 
above  the  other.  That  is,  if  A  and  B  are  two  such  segments, 
and  the  topmost  cross  section  of  A  is  above  the  topmost 
cross  section  of  B,  then  the  bottom-most  cross  section  of 

A  will  be  above  the  bottom-most  section  of  B;  A  cannot  be 
both  above  and  below  B. 

Progreun  SGMNTS  deals  with  one  TIRR  segment  at  a  time,  working  within 
each  one  from  top  to  bottom. 

Consider,  for  example,  the  TIRR  head-trunk  segment.  As  program 
SGMNTS  begins  examining  this  TIRR  segment  it  compares  all  the  points 
witliin  the  topmost  cross  section  with  the  segmenting  plane  separating 
the  head  and  neck.  Comparison  need  only  be  made  to  this  one  segment¬ 
ing  plane  since,  by  Observation  1,  all  points  within  this  cross  sec¬ 
tion  must  belong  to  either  the  head  or  the  neck.  The  individual  data 
points  in  this  cross  section  are  compared  to  the  segmenting  plane  by 
means  of  a  dot  product  as  previously  described  (refer  also  to  the  be¬ 
ginning  of  Appendix  A) .  All  segn»nting  planes  used  by  program  SGMNTS 
are  oriented  so  that  their  normal  vectors  point  to  the  segment  above 
the  plane,  and  thus,  for  this  first  cross  section  of  the  TIRR  head- 
trunk  segment,  all  of  these  dot  products  should  be  positive.  This, 
of  course,  indicates  that  all  data  points  in  the  first  cross  section 
belong  to  the  head  segment.  Since  all  of  these  data  points  do  belong 
to  the  head  segment,  data  for  this  cross  section  are  simply  written 
out  as  read  in. 


This  process  is  repeated  for  each  successive  cross  section,  mov¬ 
ing  downward  through  the  TIRR  head- trunk  segment.  After  some  number 
of  cross  sections  containing  only  data  points  belonging  to  the  head 
have  been  processed,  an  area  of  overlap  between  the  head  and  neck  will 
be  encountered.  This  will  be  signaled  by  a  cross  section  containing 
some  data  points  that  produce  positive  dot  products ,  and  others  that 
will  produce  negative  dot  products.  The  negative  dot  products  indicate 
that  their  associated  data  points  do  not  belong  to  the  head,  but  rather 
to  the  neck. 

Program  SGMNTS  adds  two  data  points  to  cross  sections  of  this 
type.  These  points  are  added  along  the  intersection  between  the  hori¬ 
zontal  plane  of  the  cross  section  and  the  segmenting  plane.  The  de¬ 
tails  of  the  computations  used  to  locate  these  two  points  are  listed 
in  Appendix  A.  With  this  accomplished,  the  coordinates  of  all  data 
points  with  negative  dot  products  are  stored  by  program  SGMNTS,  along 
with  the  two  added  points.  The  data  set  for  this  cross  section  is  then 
reformed  to  include  only  those  data  points  with  associated  positive 
dot  products.  The  two  added  data  points  are  included  here  also,  since 
they  belong  to  both  the  head  and  the  neck.  Data  for  this  cross  sec¬ 
tion  are  then  written  out  with  the  count  for  the  total  number  of  data 
points  being  the  number  of  data  points  with  positive  dot  products, 
plus  two. 

This  type  of  processing  is  repeated  for  each  cross  section  con¬ 
taining  some  data  points  yielding  positive  dot  products  and  others 
yielding  negative  dot  products.  After  some  number  of  these  cross 
sections  are  processed,  one  cross  section  will  be  encountered  in 
which  the  dot  product  for  all  data  points  is  negative.  This  indicates 
that  the  segment  immediately  above  the  segmenting  plane  (in  the  case 
of  this  example,  the  head  segment)  has  been  completely  processed. 

Note  that  by  Observation  2,  it  is  guaranteed  that  this  will  happen; 
a  return  to  all  positive  dot  products  is  not  possible. 

At  this  point  all  data  points  stored  are  written  out  in  cross 
section  form.  The  numbering  of  these  cross  sections  begins  again  with 
one,  indicating  the  beginning  of  a  new  segment.  The  data  sets  written 
out  are  separated  into  cross  sections  just  as  they  were  stored,  with 
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an  appropriate  count  for  the  number  of  data  points.  After  all  stored 
data  points  have  been  written  out,  the’  cross  section  being  processed 
is  also  written  out,  exactly  as  read  in  except  that  the  cross  section 
number  is  chemged  to  be  the  one  following  the  last  stored  cross  sec¬ 
tion. 

Encountering  a  cross  section  with  data  points  yielding  all  nega¬ 
tive  dot  products  also  changes  the  segmenting  plane (s)  that  data  points 
will  be  compared  to.  In  this  example,  after  processing  the  cross  sec¬ 
tion  with  all  negative  dot  products,  data  points  read  in  for  succeed¬ 
ing  cross  sections  will  not  be  compared  to  the  segmenting  plane  sepa¬ 
rating  the  head  and  neck,  but  now  the  set  of  three  segmenting  planes 
separating  the  neck  from  the  thorax  will  be  used  for  this  comparison. 
This  set  of  segmenting  planes  will  continue  to  be  used  until  another 
cross  section  is  encountered  giving  all  negative  dot  products ,  at 
which  point  the  reference  will  again  be  switched  to  the  next  segment¬ 
ing  plane  down. 

This  process  outlined  for  the  separation  of  data  points  belong¬ 
ing  to  the  head  from  those  belonging  to  the  neck  is  continued  on  down¬ 
ward  through  the  TIER  head-trunk  segment.  When  complete,  the  program 
proceeds  to  process  the  TIER  arm  and  leg  segments  in  a  similar  fashion. 
Many  of  the  segmenting  planes  encountered  will  be  horizontal.  There 
is  no  overlap  between  segments  where  separation  is  performed  by  a 
horizontal  plane.  Because  of  this,  no  cross  sections  will  be  encoun¬ 
tered  with  data  points  yielding  both  positive  and  negative  dot  pro¬ 
ducts  for  this  type  of  segmentation;  in  one  cross  section  all  data 
points  will  have  positive  dot  products,  and  in  the  next  cross  section 
all  dot  products  computed  will  be  negative.  In  these  cases  no  data 
points  will  be  stored.  The  cross  section  with  all  negative  dot 
products  will  be  the  first  cross  section  of  the  next  segment,  and  will 
be  written  out  exactly  as  read  in,  with  a  cross  section  number  of  one. 

One  other  deviation  from  the  general  pattern  occurs  when  the 
last  segment  of  any  of  the  TIRE  segments  is  encountered  (i.e.,  the 
pelvis,  either  of  the  hands,  or  either  of  the  feet).  At  this  point 
there  is  no  longer  any  segmenting  plane  to  compare  data  points  to. 
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All  cross  sections  belonging  to  one  of  these  last  segments  are  simply 
written  out  as  read  in,  changing  only  the  cross  section  ntanber. 

After  this  algorithm  has  passed  through  all  cross  sections  of 
all  five  TIRR  segments,  the  data  set  has  successfully  been  divided 
into  17  segments.  Program  SGMNTS  at  this  point  also  writes  out  the 
total  number  of  cross  sections  per  segment,  as  an  aid  to  the  subse¬ 
quent  processing  to  be  performed  by  program  FLAPS. 

2 . 2  PROGRAM  FLAPS 

Program  FLAPS  separates  out  data  points  describing  the  surface 
of  the  left  shoulder  flap,  right  shoulder  flap,  left  hip  flap,  and 
right  hip  flap  (see  Figures  4a,  b,  and  c)  from  the  data  output  by 
program  SGMNTS.  The  data  output  from  program  SGMNTS  has  data  points 
belonging  to  the  two  shoulder  flaps  combined  with  the  thorax  data 
points,  and  those  belonging  to  the  hip  flaps  combined  with  pelvis 
data  points.  Data  in  the  output  of  program  SGMNTS  associated  with 
other  segments  requires  no  processing  at  this  point,  thus  program 
FLAPS  ignores  these  portions  of  the  data,  reading  them  in  and  writing 
them  back  out,  unchanged. 

Observation  1  made  in  conjunction  with  the  description  of  pro¬ 
gram  SGMNTS  states  that  any  one  cross  section  could  contain  data 
points  belonging  to  at  most  one  segment.  The  processing  to  be  per¬ 
formed  by  program  FLAPS,  however,  requires  this  progreun  to  look  at 
cross  sections  that  are  to  be  separated  into  three  different  segments 
(l.e.,  there  are  cross  sections  that  will  be  separated  into  left 
shoulder  flap,  thorax,  and  right  shoulder  flap,  as  well  as  cross  sec¬ 
tions  to  be  separated  into  left  hip  flap,  pelvis,  and  right  hip  flap) . 

In  order  to  solve  this  problem  and  still  make  use  of  Observa¬ 
tion  1,  program  FLAPS  is  run  twice.  The  first  time  it  is  run,  it 
separates  out  data  points  belonging  to  the  flaps  on  the  left  side 
of  the  body,  leaving  the  right  shoulder  flap  part  of  the  thorax  and 
the  right  hip  flap  part  of  the  pelvis.  Program  FLAPS  is  then  run  a 
second  time,  processing  the  data  output  from  its  first  run.  On  this 


27 


second  pass,  flaps  on  the  right  side  of  the  body  are  separated  from 
the  thorax  and  pelvis .  The  thorax  and  pelvis  being  exzuonined  in  this 
second  run  of  FLAPS  no  longer  contain  data  points  belonging  to  flaps 
on  the  left  side  of  the  body;  rather,  these  data  points  have  been  list¬ 
ed  by  the  first  run  of  FLAPS  as  separate  segments,  and  are  simply 
skipped  over  on  this  second  run,  as  are  all  other  segments  not  requir¬ 
ing  processing. 

Observation  2  made  in  the  discussion  of  progreun  SGMNTS  was  that 
no  segment  could  be  both  above  and  below  another  segment  (assuming 
they  were  both  to  be  separated  out  from  the  same  TIRR  segment) .  This 
obseirvation  can  still  be  made  for  separating  one  hip  flap  at  a  time 
from  the  pelvis.  However,  when  separating  a  shoulder  flap  from  the 
thorax,  this  observation  does  not  hold.  The  resulting  thorax  (minus 
flap)  is  both  above  and  below  the  separated  flap.  Observation  2  is 
very  useful  when  separating  one  segment  (such  as  the  TIRR  head-trunk 
segment)  into  numerous  segments  (head,  neck,  thorax,  cdsdomen,  pelvis) . 

In  the  case  of  program  FLAPS,  however,  the  thorax  data  set  is  only  to 
be  separated  into  two  segments  on  each  run  of  program  FLAPS. 

Since  the  thorax  is  only  to  be  divided  into  two  segments,  the 
chamges  to  be  made  in  approach  are  only  minor,  even  though  Observation 
2  does  not  apply.  As  each  cross  section  of  the  combined  thorax  and 
shoulder  flap  is  examined  (top  to  bottom) ,  dot  products  are  computed 
for  each  data  point,  as  in  prograun  SGMNTS.  Cross  sections  yielding 
all  positive  or  combinations  of  positive  and  negative  dot  products  are 
handled  in  the  s^une  manner  as  they  were  in  program  SGMNTS.  The  differ¬ 
ence  is  that  a  cross  section  yielding  all  negative  dot  products  is 
never  encountered.  After  some  number  of  cross  sections  with  dot  pro¬ 
ducts  of  mixed  signs  have  passed,  cross  sections  will  be  again  encoun¬ 
tered  yielding  only  positive  dot  products  (i.e.,  all  data  points  again 
belong  to  the  thorax  minus  shoulder  flap  segment) .  These  cross  sections 
continue  to  be  processed,  until  the  last  cross  section  of  the  combined 
thorax-shoulder  flap  segment  is  processed.  At  this  point,  all  stored 
data  points  are  written  out  in  cross  sections,  forming  a  (left  or  right, 
depending  upon  which  run  of  program  FLAPS)  shoulder  flap  segment. 
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After  the  data  set  has  passed  through  program  FLAPS  twice,  it 
is  completely  segmented,  and  consists  of  21  segments.  As  was  done 
by  program  SGMNTS,  program  FLAPS  writes  out  an  updated  list  of  the 
total  number  of  cross  sections  per  segment  as  the  final  process  of 
each  r\in,  making  this  information  available  for  the  second  run  of 
FLAPS  as  well  as  for  program  POLISH. 

2 . 3  PROGRAM  POLISH 

The  data  set  received  by  program  POLISH  has  been  completely 
separated,  and  thus  program  POLISH  performs  no  separation  of  data. 
Program  POLISH  does  perform  three  tasks:  it  prepares  a  heading  for 
the  final  form  of  the  data,  it  combines  the  shoulder  flaps  with  their 
respective  upper  arm  segments,  and  it  creates  two  additional  cross 
sections  of  data  points.  Like  program  FLAPS,  program  POLISH  leaves 
much  of  the  data  unchanged.  Such  data  is  simply  read  in  and  written 
back  out. 

2.3.1  Combining  Shoulder  Flaps  with  Upper  Arms 

The  work  done  previously  by  McConville  et  al.  (1980)  defines 
a  total  of  19  body  segments,  not  the  21  output  by  FLAPS.  The  differ¬ 
ence  here  is  that  the  shoulder  flaps  are  not  recognized  as  distinct 
segments  by  McConville.  The  set  of  19  segments  includes  the  shoulder 
flap  area  of  the  body  as  part  of  the  upper  arm  (see  Figure  3) ,  but 
not  as  part  of  the  thorax  as  they  were  originally  recorded  in  the 
TIRR  data.  Thus,  the  separation  of  the  shoulder  flap  from  the  thorax 
by  program  FLAPS  was  necessary  so  that  this  data  set  could  be  combined 
with  upper  arm  data  at  a  later  point  in  time. 

The  separation  between  a  shoulder  flap  and  its  corresponding 
upper  arm  is  a  horizontal  plane,  and  thus  there  are  no  overlapping 
cross  sections  between  the  two.  When  program  POLISH  encounters  the 
two  shoulder  flap  segments,  it  reads  the  data  pertaining  to  these 
segments  in  and  stores  this  data.  The  data  for  each  shoulder  flap 
is  then  written  back  out  immediately  preceding  the  data  for  the 
corresponding  upper  arm  segment.  The  cross  section  numbers  are 
then  changed  for  the  cross  sections  in  the  upper  arm  segments,  so 


that  their  nxombering  is  consecutive  with  that  begun  in  the  shoulder 
flap  areas.  This  process  combines  each  shoulder  flap  with  its  corre¬ 
sponding  upper  arm  segment. 

2.3.2  Establishing  Additional  Cross  Sections 

The  inertial  analyses  to  be  performed  on  the  body  surface  data 
require  that  segments  have  data  points  on  the  extreme  parts  of  each 
segment.  This  was  the  reason  for  adding  two  data  points  on  the  inter¬ 
section  between  a  cross  section  and  a  segmenting  plane  for  overlap 
areas:  to  define  the  boundaries  of  these  segments.  Analogously,  a 
cross  section  is  added  by  program  POLISH  to  the  bottom  of  the  thorax, 
the  top  and  bottom  of  the  abdomen,  and  the  top  of  the  pelvis,  finnly 
defining  the  boundaries  of  these  segments. 

Program  POLISH  actually  creates  only  two  new  cross  sections : 
one  lies  in  the  plane  separating  the  thorax  from  the  abdomen,  and  the 
other  lies  in  the  plane  separating  the  eUadomen  from  the  pelvis.  The 
cross  section  created  between  the  thorax  and  the  abdomen  is  construc¬ 
ted  to  be  the  weighted  average  of  the  bottom-most  cross  section  of 
the  throax  and  the  to^xnost  cross  section  of  the  abdomen.  Similarly, 
the  cross  section  created  between  the  abdomen  and  the  pelvis  is  con¬ 
structed  to  be  the  weighted  average  of  the  bottom-most  cross  section 
of  the  abdomen  and  the  topmost  cross  section  of  the  pelvis.  The 
weight  factors  used  reflect  the  proximity  of  the  two  cross  sections 
used  in  the  average  to  the  cross  section  being  created.  Details  of 
the  computations  performed  to  construct  these  two  cross  sections  are 
given  in  Appendix  B. 

After  the  cross  section  is  created  between  the  thorax  and  the 
abdomen,  it  is  written  out  immediately  following  the  data  for  the  old 
bottom-most  cross  section  of  the  thorax.  Its  cross  section  number 
being  one  greater  than  the  old  bottom-most  cross  section,  making  the 
created  cross  section  the  new  bottom-most  cross  section  of  the  thorax. 
This  created  cross  section  is  then  written  out  a  second  time  with  a 
cross  section  number  of  one,  making  it  the  first  cross  section  of  the 
abdomen.  All  original  cross  sections  of  the  abdomen  are  then  written 
out  with  their  cross  section  numbers  increased  by  one.  The  cross 
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section  created  between  the  abdomen  and  the  pelvis  is  then  written  out 
twice.  The  first  time  it  serves  as  bottom-most  cross  section  of  the 
edsdomen,  and  the  second  time  as  first  cross  section  of  the  pelvis, 
with  all  cross  section  numbers  appropriately  adjusted. 

2.3.3  Preparing  a  Headin-g  for  the  Data 

Program  POLISH  performs  one  other  major  task:  the  creation  of  a 
header  for  the  final  fozm  of  the  data.  This  header  consists  of  the 
identification  number  of  the  subject,  a  list  of  segment  names  with  the 
nvimber  of  cross  sections  in  each  of  these  segments,  and  a  list  of  the 
names  of  the  76  anthropometric  landmarks  along  with  the  coordinates 
of  these  landmarks.  The  subject  number  is  simply  the  sequence  number 
of  the  data  as  recorded  by  TIRR  (i.e.,  data  for  subjects  1  through  59) . 

This  task  (preparation  of  the  header)  is  actually  performed 
first,  but  when  it  is  done  consideration  must  be  made  of  the  changes 
which  will  be  made  to  the  data  by  the  remainder  of  program  POLISH. 

That  is,  the  number  of  cross  sections  associated  with  some  of  the 
segments  will  be  altered  by  program  POLISH.  In  particular,  the  num¬ 
ber  of  cross  sections  associated  with  either  of  the  upper  arm  seg¬ 
ments  after  POLISH  is  run  is  equal  to  the  number  of  cross  sections 
in  that  upper  arm  prior  to  processing  by  POLISH,  plus  the  number- of 
cross  sections  in  the  shoulder  flap  that  it  is  combined  with.  Also, 
the  nximber  of  cross  sections  associated  with  both  the  throax  and 
pelvis  is  increased  by  one,  and  the  number  associated  with  the  ab¬ 
domen  is  increased  by  two,  in  order  to  reflect  the  cross  sections 
that  are  created  by  POLISH. 

Once  program  POLISH  has  completed  execution  the  data  set  for 
a  subject  is  in  a  completed  form  which  is  ready  for  analysis  of  in¬ 
ertial  properties.  A  heading  is  available  to  provide  useful  informa¬ 
tion  to  any  program  performing  such  analysis.  The  entire  data  set 
is  completely  separated  into  19  segments,  with  clear  definitions  of 
the  boundaries  of  all  segments. 


31 


2 . 4  CONCLUSION 


Programs  SGMNTS,  FLAPS,  and  POLISH  were  used  to  prepare  the 
TIRR  data  for  processing  by  the  analysis  routines  discussed  in  Sec¬ 
tion  3.  The  output  of  program  POLISH  was  directly  usable  by  the 
analysis  routines  for  all  but  three  of  the  data  sets.  Special  treat¬ 
ment  was  required  for  these  data  sets. 

The  forty-eighth  data  set  contained  one  data  point  in  the  last 
cross  section  of  the  left  foot,  that  was  erroneously  recorded  by  TIRR. 
This  data  point  was  over  60  cm  to  the  left  of  any  other  point  in  the 
cross  section.  For  that  reason  it  was  removed. 

The  entire  first  cross  section  of  the  left  upper  arm  of  the 
forty-first  data  set  was  also  removed.  This  cross  section  contained 
three  data  points  one  of  which  was  originally  part  of  the  TIRR  head- 
trunk  segment  (and  later  the  left  shoulder  flap) .  The  other  two 
points  were  added  by  program  FLAPS  (by  the  method  described  in  Appen¬ 
dix  A) .  The  one  original  point  was  co-planar  with  the  segmenting 
plane  separating  the  left  shoulder  flap  from  the  thorax.  Thus,  the 
two  added  points  were  co-linear  with  this  point,  which  resulted  in 
the  first  cross  section  of  the  left  upper  arm  being  one  dimensional, 
instead  of  two.  The  method  used  to  compute  inertial  properties  from 
the  stereophotometric  data,  require  calculation  of  the  area  of  each 
cross  section,  which  is  not  possible  for  a  one  dimensional  figure. 

The  simplest  solution  to  this  problem  was  to  remove  this  cross  section, 
which  was  done. 

The  thirty- seventh  data  set  contains  a  cross  section  which  lies 
in  the  segmenting  plane,  separating  the  abdomen  from  the  pelvis.  Thus, 
there  was  no  need  to  create  a  cross  section  here.  The  one  that  was 
created  was  removed  (both  as  the  last  cross  section  of  the  abdomen 
and  as  the  first  cross  section  of  the  pelvis)  and  the  existing  cross 
section  was  duplicated,  so  that  it  could  serve  as  the  bottom-most 
cross  section  of  the  abdomen,  and  the  topmost  cross  section  of  the 
pelvis . 
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SECTION  3 

ANALYSES  PERFORMED  ON  SEGMENTED  DATA 

The  development  of  a  computer  program  to  calculate  inertial 
properties  for  each  of  the  19  segments  shown  in  Figure  3  was  performed 
by  members  of  the  AFAMRL/BBM.  The  resulting  computer  program  was 
entitled  IMPED.  Work  done  under  this  contract  (F33615-78-C-0504) 
provided  further  analysis  of  both  the  segmented  data  and  the  results 
obtained  from  the  inertial  analysis-  The  computer  routines  to  do 
this  further  analysis  took  the  form  of  sxibroutines ,  which  were  append¬ 
ed  to  IMPED.  Thus  running  the  combined  prograun  produced  a  very  detail¬ 
ed  analysis  of  the  segmented  data.  Results  of  the  analysis  for  a 
typical  data  set  are  listed  in  Appendix  I. 

The  specific  analyses  performed  are  listed  and  detailed  in  Para¬ 
graphs  3.1  to  3.6.  A  listing  of  the  subroutines  used  to  perform  these 
analyses  may  be  found  in  Appendix  H.  Also  in  Appendix  H  is  a  listing 
of  the  block  data  area  used  to  supply  data  to  these  subroutines . 

3-1  READING  OF  HEADER  AND  CONVERSION  TO  GLOBAL  AXES 

Subroutine  RWTBLl  was  written  to  read  in  the  header  prepared 
for  the  data  sets  by  program  POLISH  (see  Paragraph  2.3).  The  data 
read  in  is  stored  so  that  it  is  available  to  the  calling  program, 

IMPED,  as  well  as  other  subroutines  written  under  this  contract. 
Subroutine  RWTBLl  also  determines  the  transformation  necessary  to 
convert  anthropometric  landmarks  and  body  surface  data  points  to 
the  global  axis  system,  used  by  McConville  et  al.  (1980). 

The  axis  system  used  by  TIRR  in  preparation  of  the  stereophoto¬ 
metric  data  euid  throughout  the  segmentation  process  was  based  entirely 
upon  the  room  in  which  the  photographs  to  be  digitized  were  taken. 
Subjects  were  placed  in  the  room  so  that  roughly  X  pointed  to  the 
right  of  each  subject,  Y  to  the  front,  and  Z  upward.  The  global  axis 
system,  defined  by  McConville  et  al.  (1980),  like  the  system  used  by 
TIRR  used  the  standing  surface  as  the  XY  plane  with  Z  upward.  The  Y 
axis  of  the  global  system  was  defined  by  the  projection  of  the  line 
segment  connecting  the  left  and  right  anterior  superior  iliac  spines 
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(ASIS)  onto  the  standing  surface,  with  positive  Y  pointing  towards 
the  left  side  of  the  body.  The  origin  of  tJic  global  system  is  the 
midpoint  of  this  projection.  The  positive  global  X  axis  points  to¬ 
wards  the  front  of  the  body,  making  this  a  right  handed  system. 

Subroutine  RWTBLl  computes  the  transformation  necessary  to  con¬ 
vert  coordinates  from  the  axis  system  used  by  TIRR  to  the  global  sys¬ 
tem  of  McConville.  RWTBLl  then  applies  this  transformation  to  each 
of  the  landmarks,  writing  the  resulting  coordinates  out  in  the  form 
shown  in  Table  1  of  Appendix  I.  The  data  necessary  for  the  transforms 
tion  is  also  stored  so  that  it  may  be  used  by  the  calling  prograun, 
IMPED,  to  convert  the  coordinates  of  cross  section  data  points  to  the 
global  axis  system,  as  these  coordinates  are  read  in. 

3.2  CALCULATION  OF  INERTIAL  PROPERTIES  FOR  COMBINED  SEGMENTS 

In  addition  to  computing  results  (inertial  properties,  etc.)  for 
the  19  segments  shown  in  Figure  3,  results  are  also  computed  for  six 
additional  segments,  which  are  specified  combinations  of  the  19  ele¬ 
mentary  segments.  These  six  additional  segments  are  listed  and  de-* 
fined  in  Table  3.  Subroutine  COMBMI  controls  the  sequencing  of  com¬ 
putations  necessary  to  compute  inertial  properties  for  these  combined 
segments  from  the  inertial  properties  of  their  component  segments . 
These  computations  are  based  upon  the  parallel  axis  theorem.  The  re¬ 
sults  are  stored  temporarily  to  be  written  out  at  a  later  time. 

3.3  LOCATING  THE  ANATOMICAL  AXIS  SYSTEM 

For  each  body  segment  (including  the  combined  segments)  an  ana¬ 
tomical  axis  system  is  defined.  The  definitions  are  based  upon  sub¬ 
sets  of  the  76  anthropometric  landmarks  located  on  or  near  the  associ¬ 
ated  segment.  Because  anatomical  axis  systems  are  defined  in  this  way 
their  orientation  varies  with  the  orientation  of  the  associated  seg¬ 
ment.  Thus,  by  measuring  quantities  relative  to  an  anatomical  axis 
system,  the  effect  due  to  sub ject-to-subject  variation  of  segment 
orientation  is  at  least  minimized,  if  not  eliminated. 
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TABLE  3 

COMBINED  SEGMENTS  -  LISTING  AND  DEFINITION 


BODY  SEGMENT 
Right  Forearm  Plus  Hand 

Left  Forearm  Plus  Hand 

Right  lliigh 

Left  Thigh 

Torso 

Total  Body 


COMPOSED  OF  SEGMENTS 

Right  Forearm 
Right  Hand 

Left  Forearm 
Left  Hand 

Right  Hip  Flap 
Right  Thigh  Minus  Flap 

Left  hip  Flap 

Left  Thigh  Minus  Flap 

Thorax 

Abdomen 

Pelvis 

All  Segments 
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Anatomical  axis  system  definitions  take  the  form: 

XY  plane  -  A,  B,  C 

YZ  plane  -  D,  E 

XZ  plane  -  F 

where  A,  B,  C,  D,  E,  and  F  are  anthropometric  landmarks.  These  defini¬ 
tions  may  be  interpreted  as  saying  that  the  plane  defined  by  the  three 
points.  A,  B,  C,  contains  the  X  and  Y  anatomical  axes.  A  second  plane 
perpendicular  to  this  first  one,  and  containing  the  points  D  and  E, 
also  contains  the  anatomical  Y  and  Z  axes.  The  plane  containing  the 
X  and  Z  anatomical  axes  is  perpendicular  to  these  first  two  planes 
and  also  contains  the  point  F.  This  is  a  sufficient  definition  to 
locate  the  origin  of  the  system  and  the  X,  Y,  Z  axes,  but  not  their 
positive  or  negative  directions.  Adding  the  conventions  that  Z  posi¬ 
tive  will  be  the  direction  most  nearly  upward,  X  positive  the  direction 
most  nearly  forward,  and  Y  positive  the  direction  most  nearly  pointing 
to  the  subject's  left  (the  axis  systems  are  defined  so  that  there  will 
be  no  ambiguity  in  applying  these  conventions)  completely  defines 
these  axis  systems. 

The  XY,  YZ,  and  XZ  planes  may  be  interchanged  in  the  actual  de¬ 
finitions  indicating  the  same  interchanges  in  the  interpretation. 

These  definitions  are  listed  in  Table  4.  The  details  of  the  computa¬ 
tions  necessary  to  locate  the  origin  and  determine  the  direction  co¬ 
sines  of  each  anatomical  axis  system,  relative  to  the  global  axis  sys¬ 
tem,  are  given  in  Appendix  C.  The  subroutine  written  to  control  the 
computation  of  the  anatomical  axis  system  locations  has  been  named 
ANATOM.  Typical  results  of  running  this  subroutine  are  given  in  Tables 
5  and  6  of  Appendix  I. 

3.4  DETERMINATION  OF  THE  PRINCIPAL  AXIS  SYSTEM 

In  addition  to  the  global  and  anatomical  axis  system  a  third 
set  of  axis  systems  is  defined,  the  principal  axis  systems.  A  princi¬ 
pal  axis  system  is  defined  for  each  segment  based  upon  the  inertial 
properties  of  that  segment.  The  principal  axis  system  for  a  segment 
has  its  origin  at  the  segment's  center  of  gravity  and  its  X,  Y,  Z 
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TAMLt  4 

OSrXNZTXON  Of  MMtOiaCM.  AXIS  SYSIM 


StGWtW 

az-AXxs 

PLMIE 

LAMOMAJK 

H«Ad 

XY 

Right  Tragion 

Y2 

taft  Tragion 

Right  Ihfraorbicala 

Right  Tragion 

XZ 

Laft  Tragion 

Sailion 

N«ck 

xz 

Mid  Thyroid  Cartilaga 

XY 

Carvieala 

Supraatarnala 

Hid-PoiAt  BaoMan  Laft  and 

Y2 

Right  Clavicala 

Carvicaia 

Carvieala 

Thorax 

XZ 

Supraatarnala 

YZ 

Carvieala 

lOth  Rib  Mid^Spina 

Carvieala 

XY 

10th  Rib  Mid-Spina 

10th  Rib  Mid-Spina 

Abdoaan 

XY 

Laft  iOth  Rib 

YZ 

Right  lOth  Rib 
lOth  Rib  Mid-Spina 

Uft  10th  Rib 

XZ 

Bight  lOth  Rib 
lOth  Rib  Mid-Spina 

Polvis 

YZ 

Uft  ASZS 

XY 

Right  ASZS 

Symphyaion 

Uft  ASZS 

XZ 

Right  ASZS 

Poatarior  St^rier  ZZiae 

Ai^ht  uppAr  Arm 

YZ 

Hid-Spifia 

Right  Aeromiala 

XZ 

Right  Madial  Humaral  epieondyla 
Right  Lataral  auamral  epieondyla 
Right  Aeromiaia 

XY 

Right  Utaral  Humaral  epieondyla 
Right  Aeromiaia 

Ri^ht  ?or««rm 

YZ 

Right  Ulnar  Styloid 

XZ 

Right  Radial  Styloid 

Right  Radiala 

Right  Ulnar  Styloid 

XY 

Right  Radiala 

Right  Radiala 

Right  Hand 

YZ 

Right  OactylioQ 

XY 

Right  Nataearpala  XI 

Right  Mataearpala  v 

Right  Nataearpala  XZ 

XZ 

Right  Nataearpala  v 

Right  Mataearpala  IZZ 

Laft  uppar  An 

YZ 

Uft  Aerominla 

XZ 

Laft  Madial  HuMral  epieondyla 
Laft  Lataral  ftumaral  cpieen^la 
Laft  Aeromiaia 

XY 

Laft  Lateral  K^aaral  cpieondyle 
Laft  Aeromiaia 

Laft  Poraan 

YZ 

Laft  Ulnar  Styloid 

XZ 

Uft  Radial  Styloid 

Uft  Radiala 

Uft  Ulnar  Styloid 

XY 

Uft  Radiala 

Uft  Radiala 

•Z-AXXS 


s«(awit 

PLAME 

LANDMARK 

Uft  Hand 

YZ 

Uft  Oactylion 

Uft  Matacarpla  II 

Uft  Nataearpala  v 

XY 

Uft  Nataearpala  XI 

Uft  Mataearpala  v 

XZ 

Uft  Nataearpala  IZI 

Right  Rip  Flap 

YZ 

Right  Trochantarion 

Right  Utaral  FMoral  Condyla 
Right  Madial  Faaorai  Condyla 

XZ 

Right  Utarial  Faaorai  Condyla 
Right  Trochantarion 

XY 

Right  Trochantarion 

Right  Thigh 

Saaa  aa  Right  His  Flap 

Minua  Flap 

Right  calf 

YZ 

Right  Tibiala 

Right  Sphyrion 

Right  utaral  Mallaolua 

XZ 

Right  Sphynon 

Right  Tibiala 

XY 

Right  Tibiala 

Right  Foot 

XY 

Right  Matataraal  I 

Right  Matataraal  V 
lUght  Poatarior  Calcanaoua 

XZ 

Right  Toa  II 

Right  Poatarior  Calcanaoua 

YZ 

Right  Matataraal  I 

Uft  Hip  Flap 

YZ 

Uft.  Trochantarion  ' 

Uft  Utaral  Faaorai  Condyla 
Uft  Madial  Faaorai  Condyla 

XZ 

Uft  Utaral  Faaorai  Coa^la 
Uft  Trochantarion 

XY 

Uft  Trochantarion 

Uft  Thigh 

Sama  aa  Uft  Hip  Flap 

!tlau«  Flap 

t«ft  Calf 

YZ 

Laft  nblala 

Laft  Sphyrion 

Laft  Lataral  Mallaolua 

XZ 

Laft  Sphyrion 

Uft  Tibiala 

XY 

Uft  Tibiala 

Laft  toot 

XY 

Uft  Matataraal  I 

Uft  Matataraal  V 

Uft  Poatarior  Calcanaoua 

XZ 

Uft  Toa  II 

Uft  Poatarior  Calcanaoua 

YZ 

Uft  Matataraal  I 

Miqiit  FotaaXB 

Saaa  aa  Richt  Foraaia 

Plua  Rand 

Laft  Fozaan 

Sana  aa  Uft  Foraarn 

plua  Hand 

Ittpht  Tblph 

Saaa  aa  Ripht  Hip  Flap 

Laft  Thlph 

Saaa  aa  Uft  Hip  Flap 

Toreo 

Saaa  aa  Palvia 

Tstal  ledy 

Saaa  aa  Palvia 
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axes  coincide  with  the  three  directions  associated  with  the  principal 
moments  of  inertia.  Additionally  the  principal  axes  are  to  be  a 
right  handed  system.  Assigning  a  right  handed  axis  system  to  three 
orthogonal  directions  can  be  done  in  one  of  24  ways.  The  actual 
assignment  of  axes  chosen  is  the  one  that  has  the  closest  alignment 
with  that  segment's  anatomical  axis  system.  Once  this  principal  axis 
system  has  been  defined,  the  already-calculated  principal  moments 
of  inertia  can  be  assigned  the  names,  X,  Y,  and  Z  principal  moments, 
accordingly.  The  details  of  the  algorithm  used  to  fix  the  principal 
axis  system  to  one  of  the  24  possibilities  are  listed  in  Appendix  D. 
Subroutine  ALIGN,  listed  in  Appendix  H  implements  this  algorithm. 

With  this  process  complete  the  principal  moments  of  inertia  and  the 
direction  cosines  of  the  principal  axis  system  are  written  out  form¬ 
ing  Tables  3  and  4,  which  are  listed  in  Appendix  I. 

3.5  TABULATION  OF  HEIGHT  VERSUS  VOLUME 

Interest  has  been  expressed  in  the  percentage  of  total  body 
volume  contained  between  two  arbitrary  horizontal  planes.  In  order 
to  provide  this  data,  subroutine  HTVSVL  was  written  to  control  the 
computations  necessary  to  produce  a  table  of  percent  of  body  volume 
contained  between  the  floor  and  a  horizontal  plane  at  specified  heights. 
Table  15  of  Appendix  I  gives  results  typical  for  this  table.  Details 
of  the  computations  performed  are  given  in  Appendix  E. 

3.6  MISCELLANEOUS  ROUTINES 

Appendix  H  gives  listings  of  all  subroutines  written  under  this 
contract  which  became  a  part  of  program  IMPED.  In  addition  to  those 
mentioned  there  are  subroutines  to  compute  the  coordinates  of  the  land¬ 
marks,  segment  centers  of  gravity,  and  segment  anatomical  origins  in 
each  of  the  three  (global,  anatomical,  and  principal)  axis  systems. 

Also  there  are  routines  used  to  simplify  the  output  of  data  in  table 
form,  and  other  activities  necessary  to  produce  the  set  of  tables  pre¬ 
sented  in  Appendix  I. 
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APPENDIX  A 

ADDITION  OF  DATA  POINTS  TO  A  CROSS  SECTION 


This  appendix  is  an  example  illustrating  the  computations  in¬ 
volved  in  examining  a  cross  section.  Computations  such  as  those  to 
be  illustrated  are  carried  out  both  in  program  SGMNTS  and  in  program 
FLAPS.  Procedures  illustrated  include  computation  of  dot  products 
and  addition  of  two  data  points  to  the  cross  section.  Data  points 
used  belong  to  a  cross  section  in  the  overlap  area  between  the  head 
and  the  neck  of  the  eleventh  data  set.  Coordinates  of  data  points 
used  in  this  example  are  relative  to  the  axis  system  used  by  TIRR 
(X  and  Y  point  approximately  to  the  subject's  right  and  front,  respec¬ 
tively,  and  Z  points  upwards),  and  are  measured  in  centimeters.  The 
common  Z  coordinates  of  these  data  points  is  153.95,  their  X,  Y  co¬ 
ordinates  are  listed  in  Table  5. 

The  normal  to  the  plane  separating  the  head  from  the  neck  is  de¬ 
fined  to  be  the  cross  product  of  two  vectors  both  originating  at  the 
left  gonion  (1*39)  /  one  going  to  the  right  gonion  (L40)  >  other 

to  the  nuchale  (Lj^)  .  For  the  eleventh  data  set  these  landmark  points 
have  coordinates 

^39  “  ^^39x'  ^39y'  “  (41.50,  0.76,  153.10) 

L4Q  »  (52.69,  0.55,  153.16) 

=  (46.92,  -9.20,  156.65) 

which  give  the  normal  to  be 

N  -  (nj^,  n^,  n3)  =  (L^Q-L3g)  x  (r<j^-L3g)  «  (0.148,  39.40,  110.3) 

The  segmenting  plane  is  further  defined  to  contain  the  left  gonion. 
Thus  when  a  data  point  (x^j,  /  is  compared  to  this  segmenting 

plane,  dot  products  are  constructed  to  be 

d  «  "2^yij"^39y^  "3^^i"^392^  • 
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TABLE  S 

DATA  POINTS  USED  IN  APPENDIX  A  EXAl-iPLE 


.144  39.  399  119.314  >  SECMENTING  PLANE  N09HAL 

41.50  .76  153.10  ■  PLANE  OEEINITION  PT . 

153.95  •  COMHON  Z  COOROZNATE  OF  CROSS  SECTION 


POINT* 

X 

Y 

DOT  PRODUCT 

segment 

1 

41.06 

•1.59 

1.114 

HEAD 

z 

41.35 

-3.09 

-57.  548 

NECK 

3 

42.25 

-4  .66 

-119.666 

NECK 

4 

43.23 

-6.20 

-180. 196 

NECK 

5 

45.00 

-6.91 

-207.908 

NECK 

6 

47.35 

-7.35 

-224.896 

NECK 

7 

49.42 

-6.96 

-209.224 

NECK 

9 

50.91 

-5.93 

-169.423 

NECK 

9 

52.10 

•4.87 

-126.493 

NECK 

10 

52.95 

-3.47 

-71.199 

NECK 

11 

53.26 

-2.22 

-21.904 

NECK 

12 

53.61 

1.61 

129.049 

head 

13 

53.36 

3.36 

198.750 

head 

14 

52.16 

5.69 

297.462 

HEAD 

15 

50.57 

7.29 

352.386 

HEAD 

16 

48.70 

8.45 

397.813 

HEAD 

17 

47.16 

9.22 

427.922 

HEAD 

19 

45.21 

8.96 

417.390 

HEAD 

19 

43.42 

7.74 

369.058 

HEAD 

20 

42.23 

6.69 

327.513 

head 

21 

41.12 

5.31 

272.978 

HEAD 

22 

40.69 

3.29 

193.326 

HEAD 

23 

40.63 

1.63 

127.916 

HEAD 

24 

40.  63 

1*63 

127.916 

HEAD 

AOOEO  POINTS! 

41.07 

-1.62 

153.95 

53.31 

•1.66 

153.95 
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The  results  of  the  dot  product  computation  for  each  data  point  in  the 
cross  section  are  shown  in  TeUale  5.  Those  with  negative  dot  products 
are  stored  to  be  written  out  later  as  part  of  the  neck  segment,  the 
remainder  are  written  out  immediately  as  part  of  the  head  segment. 

Reading  through  the  dot  products  in  Table  5  from  top  to  bottom 
there  are  two  pairs  between  which  the  sign  of  the  dot  product  changes. 
These  are  points  number  1  and  2,  and  points  niimber  11  and  12.  In  all 
cases  of  a  cross  section  with  data  points  belonging  to  two  segments, 
there  will  be  two  places  of  sign  change  like  this  (based  on  the  fact 
that  data  points  are  listed  in  order  around  the  cross  section) ,  al¬ 
though  in  some  cases  to  find  both  sign  changes  the  list  must  be  con¬ 
sidered  circular  (i.e.,  the  first  data  point  must  be  considered  to 
follow  the  last) .  For  each  of  these  pairs  of  points  a  line  segment 
is  constructed  between  the  two  members  of  the  pair.  At  the  inter¬ 
sections  of  the  segmenting  plane  and  each  of  these  line  segments  the 
two  points  to  be  added  to  the  cross  section  are  located.  This  is 
shown  graphically  in  Figure  5. 

Consider  two  points  (x^,  y^,  z^}  and  {X2t  ^2'  ^0^  some  cross 
section,  such  that  they  are  adjacent  points  in  the  cross  section  and 
their  resulting  dot  products  are  opposite  in  sign.  All  points  on  the 
line  connecting  these  two  points  may  be  expressed  by 

with  X  variable.  Let  the  segmenting  plane  they  are  being  compared  to 
have  a  normal  vector  with  components  (n^^,  n2t  n^)  and  defining  land¬ 
mark  (A  ,  A  ,  A  ) .  Then  all  points  (x,  y,  z)  lying  in  this  plane 
X  y  z 

satisfy 

ni(x  -Ajj)  +  n2{y-Ay7  +  *  0  .  (A. 2) 

In  order  to  find  the  intersection  between  the  line  (A.l)  and  the  plane 
(A. 2),  (A.l)  is  substituted  into  (A. 2). 
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Figure  5.  Addition  of  Data  Points  at  Intersection 
Between  Segmenting  Plane  and  Horizontal 
Plane  Containing  Cross  Section. 


Note  that  since  the  segmenting  plane  passes  between  the  two  points, 
the  denominator  of  A. 3b  will  never  be  zero.  The  X  coordinate  of  one 
of  the  points  to  be  added  is  given  by  (A. 3b);  the  Y  and  Z  coordinates 
of  this  point  may  be  found  by  substitution  back  into  (A.l) .  The  two 
points  to  be  added  to  the  cross  section  in  the  example  are  listed  in 
Table  5. 


APPENDIX  B 

CREATION  OF  A  CROSS  SECTION 

Cross  sections  are  created  by  progr2un  POLISH  and  added  in  the 
planes  of  segmentation  separating  the  thorax  from  the  2d>domen  and  the 
abdomen  from  the  pelvis.  This  appendix  uses  the  creation  of  the  cross 
section  between  the  thorax  and  the  abdomen  of  the  eleventh  subject's 
data  set  as  an  example  of  this  process.  As  in  Appendix  A  the  coordi¬ 
nates  used  in  this  example  are  relative  to  the  axis  system  used  by 
TIRR  and  are  measured  in  centimeters. 

For  subject  11,  the  data  output  by  FLAPS  lists  the  last  cross 
section  of  the  thorax  as  having  Z  coordinate,  »  109.92.  The  first 
cross  section  of  the  eUsdomen  has  Z  coordinate,  ^  107.89.  The  seg¬ 
menting  plane  separating  the  thorax  from  the  adsdomen  is  a  horizontal 
plane  passing  through  the  10^^  rib  midspine  landmark  point,  which  has 
Z  coordinate  Z^  =  108.13.  The  cross  section  to  be  created  will  have 
this  Z  coordinate.  It  will  be  constructed  as  an  average  of  these  other 
t«ro  cross  sections.  The  coordinates  of  the  data  points  contained  in 
these  two  cross  sections  are  listed  in  Table  6.  The  amount  of  in¬ 
fluence  each  of  these  cross  sections  has  in  the  averaging  will  be  de¬ 
pendent  upon  its  relative  closeness  to  the  cross  section  being  created. 
Thus  two  weight  factors  are  computed. 

2o"^2  ^1"^0 

Wi  »  =*  0.118  and  Wj  =  =  0.882.  (B.l) 

12  12 

These  will  be  used  throughout  the  computations . 

All  X  coordinates  of  the  last  cross  section  of  the  thorax  are 
averaged,  as  are  the  Y  coordinates  of  this  cross  section,  and  the  X 
and  Y  coordinates  of  the  first  cross  section  of  the  abdomen,  yielding 
Xi,  Yy  X2'  ^2  ^®spectively .  An  overall  center  for  these  two  cross 
sections  (Xq,  ^q) /  then  is  computed  as 

Xq  »  Wj^Xj^  +  W2X2  ^0  “  ''1^1  ^  ”2^2* 
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This  pair  of  values  will  be  used  for  transformation  to  polar  coordi¬ 
nates,  and,  for  this  example,  are  listed  in  Table  6. 

Ignoring  Z  coordinates  and  using  (Xq,  Yq)  as  a  center,  polar 
coordinates  are  computed  for  each  data  point  in  the  two  cross  sections . 
For  later  computations  it  is  necessary  that  within  each  cross  section, 
data  is  stored  with  increasing  values  of  angle.  Table  6  lists  the 
polar  coordinates  of  the  data  points,  and  is  constructed  so  that  angles 
are  in  ascending  order.  Figure  6a  graphically  shows  the  polar  coordi¬ 
nate  form  of  the  data  points  in  the  last  cross  section  of  the  thorax. 

The  next  step  performed  in  order  to  create  a  cross  section  be¬ 
tween  the  thorax  and  abdomen  is  to  fit  a  spline  to  both  sets  of  polar 
coordinates.  The  fitting  of  a  spline  involves  what  can  be  an  arbi¬ 
trary  decision  cdaout  end  point  conditions  of  the  data.  Generally  this 
takes  the  form  of  specifying  the  derivative  the  spline  will  take  on  at 
each  end  point.  Since  the  data  the  spline  is  being  fit  to  are  the 
polar  coordinates  of  data  points  that  form  a  closed  loop,  in  polar 
coordinate  form  the  radius  is  a  periodic  function  of  angle,  with  period 
2it.  Making  use  of  this  fact,  data  points  may  be  extended  in  either 
direction,  thus  lessening  the  effect  of  the  chosen  end  conditions  on 
the  original  portion  of  the  data.  As  is  shown  in  Figure  6b  data 
points  are  extended  one  half  period  plus  one  point  to  the  right  and 
left  of  the  original  data,  for  the  last  cross  section  in  the  thorax. 
This  seune  procedure  is  also  applied  to  the  first  cross  section  of  the 
cU^doinen.  The  extended  data  points  for  both  are  listed  in  Table  7. 

Even  though  the  data  points  have  been  extended  to  the  left  and 
the  right,  some  values  still  must  be  used  for  the  end  conditions. 

These  are  computed  by  interpolating  the  last  three  and  the  first 
three  (extended)  data  points  of  both  cross  sections  with  a  parabola. 

For  any  one  such  set  of  three  points 
equation  of  the  parabola  through  them  is 


(e-Sj) (9-03) 


'1  '’2' 


’1  ^3' 


^1  ^ 


(0-03^)  (0-03) 
^2-61)  (^2"®  3' 


^2  ^ 


(0-03^)  (0-02) 


'3-03^;  VO3-02J 


(B.3) 
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Figure  6.  Successive  Steps  in  the  Creation  of  a  Cross  Section 

Between  the  Thorax  and  Abdomen  of  Subject  11. 

(a)  Polar  coordinate  form  of  data  points  in  bottom-most 
cross  section  of  thorax. 

(b)  Data  points  extended  one-half  period  plus  one  point 
to  the  left  and  right. 

(c)  Parabolas  and  tlieir  tangents  used  to  determine  end 
conditions  of  the  spline. 

(d)  Spline  fit  to  data  and  new  data  points  determined 
by  spline. 


EXTENOED  FORM  OF  DATA  POINTS  OF  APPENDIX  B  EXAMPLE 
AND  END  POINT  CONDITIONS  USED  IN  FITTING  SPLINE 
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oemvATivEst 


Evaluating  the  derivative  of  this  parabola  then  at  9-,  gives 


r* (ej) 


29. 


2 


(92-93) 


(93-9^) (93-62) 


(92+93)rj_  {Q^+e^)r2  (Sj^+92)r3  ^ 

■*■  (62-9 j^)  (62-63)  ^  (63-63^)  (63-62))  ■ 


(B.4) 


Using  this  equation,  derivatives  of  parabolas  through  all  four 
sets  of  three  points  may  be  computed,  with  the  point  intermediate  of 
the  other  two,  in  each  case,  supplying  the  values  for  (62,  ^2^  ' 
results  of  these  computations  are  given  in  Table  7  as  well  as  graph¬ 
ically,  for  the  last  cross  section  of  the  thorax  only,  in  Figure  6c. 
Splines  may  now  be  fit  to  each  set  of  data,  first  deleting  the  two 
extreme  end  points  of  each  cross  section,  and  then  supplying  the  com¬ 
puted  values  for  derivatives  of  the  paredsolas,  as  the  first  derivative 
of  each  end  point  of  the  splines. 

A  set  of  angles,  are  next  constructed.  The  first  angle 

in  this  set  is  constructed  to  be  the  weighted  average  of  the  first 
angle  in  each  cross  section.  The  number  of  angles  in  thir>  set,  N^, 
is  set  to  be  the  weighted  average  of  the  number  of  data  points  in  the 
two  cross  sections 


N 


0 


WiNi  +  W2N2 


where  Nq  is  rounded  to  the  nearest  integer.  The  remainder  of  this  set 
of  Nq  angles  is  then  constructed  from  the  recursive  relation 


6 


i-1 


i  *  2,  3, 


N 


0 


These  angles  will  be  used  in  the  polar  coordinates  of  the  data  points 
of  the  created  cross  section,  and  are  listed  in  Table  6. 
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Both  splines  are  then  evaluated  at  each  one  of  the  angles  in 
this  set,  resulting  in  two  sets  of  radii  {r^}  and  {rp,  the  former  set 
being  evaluations  of  the  spline  corresponding  to  the  last  cross  sec¬ 
tion  of  the  thorax,  and  the  latter  set  from  the  spline  for  the  first 

cross  section  of  the  abdomen.  The  set  of  points  (6.,  r^)  is  illus- 

^  ^  1 

trated  in  Figure  6d,  along  with  the  spline  used  to  compute  the  rt. 

The  weighted  average  is  then  taken  of  these  two  sets  of  radii, 
component-wise,  resulting  in  a  third  set  of  radii  {r?}.  That  is 


0  12 
^i  “  ''l^i  ”2^1  ' 


i  =  1, 


N, 


The  ordered  pairs  (6^,  rV)  then  form  the  polar  coordinates  of  the  cross 
section  being  created,  and  for  the  example  are  listed  in  Table  6. 
Converting  these  polar  to  rectilinear  coordinates,  relative  to  (Xq, 
y^)  then  supplies  the  data  points  for  the  new  cross  section. 


This  resulting  data  set  is  then  written  out  twice,  once  as  the 
last  cross  section  of  the  thorax  and  again  as  the  first  cross  section 
of  the  cdsdomen.  The  relationship  between  the  created  cross  section 
and  the  two  cross  sections  used  in  its  creation  is  shown  in  Figure  7 . 


A  process  analogous  to  the  one  outlined  is  followed  in  order  to 
create  a  cross  section  between  the  abdomen  and  the  pelvis. 


THORAX  .  Z  =  109.92  ABDOMEIU.^  Z  =  108.13 


Cross  Section  Created  Between  Thorax  and  Abdomen 
(Z=108.13)  for  Subject  11;  Cross  Section  Above 
(2=109.92);  and  Cross  Section  Below  (2=107.89). 


APPENDIX  C 


DETERMINATION  OF  ORIGIN  AND  DIRECTION  COSINES 
OF  SEGMENT  ANATOMICAL  AXIS  SYSTEMS 


As  can  be  seen  in  Table  4  none  of  the  anatoinical  axis  system  de¬ 
finitions  use  six  unique  landmarks  to  define  the  anatomical  axis  sys¬ 
tems,  but  instead  repeat  some  landmarks.  For  generality,  though,  no 
assumptions  edsout  repeated  points  will  be  made  in  the  development  of 
equations  to  locate  the  anatomical  axis  system;  rather,  each  of  the 
six  points  will  be  treated  as  unique. 


Notation  to  be  used  in  the  development  of  these  equations  in¬ 
cludes  using  the  capita]  letters  A-G  (including  G^,  G2}  to  denote 
points  in  three  space.  The  coordinates  of  these  points,  measured  in 
the  global  axis  system,  are  denoted  by  lower  case  letters  with  the 
subscripts  1  through  3.  For  example  A  =  (a^,  a2,  a^) .  In  particular 
the  letters  A  through  F  are  the  anthropometric  lemdmarks  used  to  de¬ 
fine  the  anatoinical  axis  system.  N^.,  N.  and  N„„  denote  the  normal 
vectors  to  the  anatomical  XY,  YZ,  and  XZ  planes  respectively.  The 
components  of  these  vectors  are  denoted  by  subscripts  of  1,  2,  3  for 
first,  second,  and  third  component,  respectively.  For  example  N  = 


(N 


N. 


xy. 


N. 


xy 


)  . 


Let  a  general  anatomical  axis  system  be  defined  as 

XY  A,  B,  C 

YZ  D,  E 

XZ  F 


From  the  definition  the  following  statements  may  be  made: 

•  the  anatomical  XY  plane  contains  the  points  A,  B,  C 

•  the  anatomical  YZ  plane  contains  the  points  D,  E 

•  the  anatomical  XZ  plane  contains  the  point  F. 

The  result  is  immediately  obtainedsle  that 
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(A-C)  X  (B-C) 


ll(A-C)  X  (B-C)  tl 


Since  N  is  normal  to  and  to  any  vector  in  the  YZ  plane,  the 
yz  xy 

following  equations  result: 


Nyz  •  N^y  =  0  ' 


(C.l) 


Ny2  *  (D-E)  =  0 


(C.2> 


From  (C.l)  the  function  g  is  defined  as 


g(N.  N  )  =  N 

yz2'  ^^3  yzj^ 


N  N  +  N  N 
yz2  xy2  yz3  xy3 
r-N 

xyi 


(C.l)  and  (C.2)  may  be  solved  simultaneously  yielding  the  function  f 


f(N  )  »  N 

yz3  yzj 


N  (N  (d  -e  )  +  N  (e  -d  ) ] 
yz3‘  xy3'  x  x'  *  * 

(n  (e  — d  )  +  N  (d  — e  )  1 
^  xy2  X  X  xyj^ '  y  ^ 


Consider  then  the  vector  (g(f(z),  z) ,  f(z),z),  for  any  value  of 
z  f  Q.  This  vector  has  the  same  direction  as  changing  s  changes 

only  the  magnitude  of  this  vector  and  not  its  direction  (since  f  and 
O'  are  linear  functions)  .  Then  there  exists  Zq  such  that 
il{g(f(Zg),ZQ),  ^(zq),  ^q))!!  =  1-  Using  Zg  then 

®*yz  "  (2:g)  ,Zg)  ,  f(2g),Zg). 

Next  let  G  be  any  point  on  the  anatomical  Y  axis .  Then 


(G-D)  •  *  0 


(C.3) 


(G-C)  •  -  0  . 


(C.4) 
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The  y  axis  is  perpendicular  to  the  XZ  plane.  Thus  any  point  S 
on  the  Y  axis,  such  that  the  vector  from  F  to  S  is  perpendicular  to  the 
Y  axis,  lies  in  the  XZ  plane,  making  S  the  origin  of  the  axis  system. 
The  perpendicularity  requirement  is  satisfied  if 


and  since  S  is  on  the  Y  axis  there  is  a  particular  value  of  the 
parameter  t  (say  t^)  in  the  equation  of  the  Y  axis  such  that 

S  =  +  tQ(G2~Gj^)  .  (C.6) 

Sol'.’in^  fC.5'  and  (C.6)  simultaneously  gives 
(F-Gj^)  •  (G2-G^) 

Tg~-g^)  .  (G2-Gj) 

The  final  result  needed  to  completely  specify  the  anatomical  axes 
system  is 


N 


xz 


=  N  X 
xy 


N 


yz 


In  application  of  this  method  one  problem  has  been  encountered. 
This  occurs  when  the  anatomical  Z  axis  is  perfectly  aligned  with  the 
global  Z  axis  (N  =  (0,  0,  1)).  In  this  situation  the  f,  g,  h, ,  and 

Q  I 

h2  functions  all  degenerate  to  q-  situations.  In  order  to  avoid  this 

problem,  after  N  has  been  computed  it  is  checked  to  see  if  any  of 
xy 

its  components  are  greater  than  0.99.  If  not,  computation  proceeds  as 
normal.  If  there  is  such  a  component  the  coordinates  of  the  defining 
landmarks  are  converted  to  an  axis  system  which  is  a  rotation  of  the 
global  axis  system,  the  rotation  being  30  degrees  about  the  vector 
(1,  1,  1) .  After  this  is  performed  computations  are  restarted  and 
proceed  as  normal.  When  the  resulting  origin  and  direction  cosines 
are  obtained  they  are  with  respect  to  the  rotated  system,  and  thus  in 
these  cases,  the  reverse  rotation  must  be  applied  to  the  results, 
giving  the  final  results  desired. 

Referring  to  Table  4 ,  it  is  obvious  that  not  all  anatomical  axis 
systems  are  defined  in  exactly  the  same  way  as  the  one  used  in  develop¬ 
ing  these  equations.  In  fact  there  is  a  total  of  six  different  basic 
configurations,  each  of  which  is  listed  in  Table  8.  The  equations 
developed,  however,  may  be  applied  directly  to  anatomical  axis  system 
definition,  by  ignoring  the  names  associated  with  the  axes. 
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TABLE  3 

arrangement  of  normal  vectors  into  the 

DIRECTION  COSINE  MATRIX  OF  SEGMENT  ANATOMICAL  AXES 
WITH  RESPECT  TO  GLOBAL  AXES 


CONFIGURATION  OF  ANATOMICAL 
AXIS  SYSTEM  DEFINITION 


XY  A,  B,  C 

YZ  D,  E 


PLACEMENT  OF  NORMAL  VECTORS 
INTO  DIRECTION  COSINE  MATRIX 


Row  3 


A,  B,  C 
D,  E 


A,  B,  C 
D,  E 


A,  B,  C 
D,  E 


A,  B,  C 
D,  E 


A,  B.  C 


-►  Row  1 
Row  2 


Row  3 
Row  2 
Row  1 


Row  1 
Row  3 
Row  2 


Row  1 
Row  2 
Row  3 


-►  Row  2 
Row  3 
-►  Row  1 


Row  2 


The  normal  vectors  resulting  from  the  computations  form  the 
direction  cosine  matrix  of  that  segment's  anatomical  axes  with 
respect  to  global  axes.  It  is  here  that  the  different  configurations 
of  the  ematomical  system  definitions  have  their  effect.  Each  normal 
vector  becomes  a  row  of  the  cosine  matrix.  The  row  the  normal  vector 
is  placed  in  is  determined  by  the  particular  anatomical  axis  system 
configuration  (see  Table  8) . 


57 


APPENDIX  0 

DETERMINATION  OF  PRINCIPAL  AXES 


For  each  segment  an  inertial  tensor  is  computed  based  on  its 
volume  distribution.  The  three  eigenvalues  of  this  tensor  are  the 
segment's  principal  moments  of  inertia.  Associated  with  each  eigen* 
value  is  an  eigenvector.  These  three  vectors  when  normalized,  are 
the  rows  of  the  direction  cosine  matrix  of  the  principal  axes  with 
respect  to  the  global  axes,  referred  to  as  DpQ*  The  order  that  these 
vectors  are  placed  in  the  direction  cosine  matrix  is  chosen  so  that 
the  principal  axis  systems  defined  have  the  best  possible  alignment 
with  the  anatomical  axes  of  the  same  segment. 

T 

Post  multiplying  Dp^  by  (D^q)  ,  the  transpose  of  the  direction 
cosine  matrix  of  the  anatomical  axis  system  of  the  same  segment  with 
respect  to  global  axes,  results  in  the  direction  cosine  matrix 

of  the  principal  with  respect  to  anatomical  axes.  The  first  diagonal 
element  of  Dp^  is  the  cosine  of  the  angle  between  the  anatomical  X 
vector  and  principal  X  vector.  Similarly,  the  other  two  diagonal 
elements  are  the  cosines  of  the  angles  between  the  anatomical  and 
principal  Y  and  Z  vectors.  Thus,  if  the  largest  element  of  each  row 
of  Dp^  is  on  the  diagonal,  the  eigenvectors  have  been  placed  into 
Dpg  in  proper  order  to  align  the  two  axis  systems. 

The  method  used  to  arrange  eigenvectors  into  Dp^*  is  based  on 

placing  the  eigenvectors  into  a  matrix.  A,  in  arbitrary  order.  The 

T 

matrix  product,  B  »  A  (D^q)  is  computed.  Rows  of  B  are  then  inter¬ 
changed  so  that,  if  possible,  the  largest  element  of  each  row  is  on 
the  diagonal.  The  product  relationship  between  B  and  A  is  maintained 
if  identical  row  interchanges  are  performed  on  A.  If  it  is  possible 
to  place  the  largest  element  of  each  row  of  B  on  the  diagonal,  the  B 
and  A  matrices  resulting  from  these  Interchanges  are  Dp^  and  Dp^, 
respectively.  This  is  not  always  possible,  though,  since  in  a  few 
cases,  two  rows  of  B  will  have  their  largest  element  in  the  same 
column.  The  following  algorithm  has  been  developed  to  handle  all 
possible  cases: 
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(1)  The  normalized  eigenvectors  are  arranged  as  the  rows  of  a 
matrix  in  arbitrary  order.  Call  this  matrix  A. 

(2)  This  matrix  is  post-multiplied  by  (D._)^.  Call  the  product 
matrix  B. 

(3)  The  element  of  B  with  largest  absolute  value  is  determined. 
Let  the  position  of  this  element  be  row  i,  column  j. 

(4)  The  row  of  the  matrix  Dp^  is  filled  from  the  i^  row  of 
B.  Likewise,  the  row  of  Dp^  is  filled  from  the  i^^  row 
of  A. 

(5)  Next,  four  positions  of  B  are  exaunined.  These  are  the  four 
elements  of  B  not  in  row  i  and  not  in  column  j .  Of  these 
four  values  the  one  smallest  in  absolute  value  is  chosen, 
say  that  its  position  is  row  k,  column  1. 

(6)  Row  k  of  B  cannot  be  placed  in  row  j  of  D^.  since  this  row 
is  already  filled,  nor  can  it  be  placed  in  the  I  row 
since  this  would  give  the  worst  possible  alignment  with  the 
anatomical  axes.  Thus  row  k  of  B  is  placed  in  the  only 
other  row,  row  m.  Likewise  row  k  of  A  is  placed  in  row  m 
of  Dpg.  There  is  one  row  remaining  unused  in  both  A  and  B. 
These  are  placed  in  row  ji  of  matrices  Dpg  and  Dp^,  respec¬ 
tively  . 

(7)  Dp^  is  now  examined  to  see  if  all  diagonal  elements  are 
positive.  For  any  diagonal  elements  that  are  negative, 
the  entire  row  containing  that  diagonal  element  is  multi¬ 
plied  by  -1.  The  same  row  of  Dp^  is  then  also  multiplied 
by  -1. 

DpG  which  results  from  this  process,  is  the  direction  cosine 
matrix  of  the  segment  principal  axes  with  respect  to  the  global  axes. 
Dp^,  which  is  also  a  result  of  this  algorithm,  is  the  direction  cosine 
matrix  of  the  segment  principal  axes  with  respect  to  the  segment  ana¬ 
tomical  axes.  The  principal  moments  then  take  the  n^une  (i.e.,  X,  Y, 
or  Z)  that  their  associated  eigenvector  has  been  assigned  by  this 
method. 


59 


APPENDIX  E 

PRODUCING  TABLE  OF  (%)  HEIGHT  VERSUS  (%)  VOLUME 

In  the  inertial  analysis  procedure  a  height  is  associated  with 
each  cross  section.  A  volume  is  then  computed  to  be  associated  with 
each  cross  section,  as  the  volume  of  a  right  cylinder  with  this  height 
and  end  surfaces  identical  to  the  cross  section.  If  the  Z  coordinate 
of  some  cross  section  is  Zq,  its  assigned  height  h,  and  computed  vol¬ 
ume,  V,  the  volume  v  is  evenly  distributed  between  Zq  I  ^0  ”  1’ 

In  order  to  produce  the  table  of  height  versus  volume,  the  total 
height  of  a  subject  is  divided  into  200  intervals  each  of  height  Ah. 

A  data  storage  location  is  associated  with  each  of  these  height  inter¬ 
vals.  The  storage  locations  are  numbered  from  1  to  200  and  are  ini¬ 
tialized  to  zero.  The  volume  associated  with  each  cross  section  is 
then  distributed  between  the  storage  locations  associated  with  the 
same  vertical  interval  as  the  cross  section.  The  end  result  of  this 
process  is  the  measure  of  the  total  volume  of  a  subject's  body  located 
vertically  between  (i-l)Ah  and  iAh  is  stored  in  storage  location  i. 

For  the  cross  section  mentioned,  with  Z  coordinate  Zq  and  height 
h,  n  is  determined  such  that 

(n-1)  (Ah)  <  Zq  -  I  <  n  (Ah)  . 

Then  to  storage  location  n, 

n(Ah)  -  (Zq-|) 

- h -  • 

is  added,  where  v  is  the  volume  associated  with  the  cross  section. 
Additionally  a  value  m  is  determined  such  that 

(m-l)Ah  <  Zq  +  I  <  m  (Ah) . 

This  time 
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Zq  +  I  -  (m-l)^h 
- Sh -  • 

is  added  to  storage  location  m.  For  each  storage  location  between  n 
and  nt,  ^  *  v  is  added.  This  process  is  repeated  for  each  cross  sec¬ 
tion. 

The  resulting  storage  locations  contains  the  total  amount  of 
volume  the  subject's  body  has  within  each  interval  that  is  1/2  percent 
of  total  height.  The  choice  of  200  intervals  was  somewhat  arbitrary, 
more  intervals  could  have  been  used.  This  would  have  little  effect 
upon  end  results,  though,  since  spacing  between  cross  sections  is 
generally  greater  than  1  percent  of  total  body  height. 

The  values  contained  in  the  storage  locations  upon  completion 
of  this  process  can  be  used  to  produce  a  table  of  accumulated  body 
volume  up  to  specified  points.  This  is  done  by  summing  the  contents 
of  all  data  storage  locations  corresponding  to  height  intervals  below 
those  points. 
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APPENDIX  P 

SOURCE  LISTING  OF  PROGRAMS  SGMNTS,  FLAPS,  AND  POLISH 


C 

c 

C  PROORAR  SORNTS  IS  THC  FIRST  IN  A  SCRIES  OF  THRCC  SCORCNTATION 

C  ROUTINES.  USED  TO  REGROUP  SOOT  SURFACE  DESCRIPTION  DATA  POINTS  INTO 

C  DATA  POINTS  OCSCRIBING  THC  SURFACE  OF  19  OIFFCRCNT  BODT  SCCRCNTS. 

C  SGRNTS  RECCIueS  DATA  POINTS  PRODUCED  BV  STERCOPHOTORCTRV  AND  GROUPED 
C  into  S  SCGHCNTS  AND  REGROUPS  THIS  DATA  INTO  A  TOTAL  OF  17  SCCRCNTS. 

C  THE  RCRAINING  SC6RCNTAT10N  IS  LEFT  TO  BE  DONE  BV  THE  OTHER  SCCRCN- 
C  TATION  ROUTINES. 

C 

C  SGRNTS  READS  FROR  TAPE?  THC  BODY  SURFACE  DATA  POINTS  GROUPED  INTO  5 
C  SCGRCNTS.  IT  ALSO  READS  FROR  INPUT  THE  NURBCRS  TO  BE  ASSOCIATED 

C  WITH  THE  data  sets  THAT  ARC  SCGRCNTCD.  THIS  INPUT  IS  IN  THE  FORR: 

C  beginning  NURBCR.  stopping  NURBCR.  and  INCRCRCNT.  these  NURBCRS 
C  ALSO  DCTCRRINC  HOU  RANV  DATA  SETS  HILL  BE  PROCESSED.  THE  DATA 
C  POINTS  GROUPED  INTO  17  SCGRCNTS  ARC  WRITTEN  OUT  TO  TAPES.  THE 

C  NURBCRS  READ  FROR  INPUT  ARC  URITTCH  TO  TAPES  ALONG  WITH  THE  NURBCR 

C  OF  CROSS  SECTIONS  PER  EACH  NEW  SCGRCNT. 


C  CORRON  AREAS 
C 

C ... /’PLANE.' — DATA  PERTAINING  TO  ONE  OF  THC  ORIGINAL  SCGHCNTS  WHICH  IS 
C  PRESENTLY  BEING  FURTHER  SC6RENTCD. 

C  NORR — CONTAINS  THC  CORPONCHTS  OF  THC  NORHALS  TO  EACH  SEGRCNTING 

C  PLANE. 

C  IDCFPT— CONTAINS  THE  NURBER  OF  THE  LANDRARK  USED  TO  DEFINE  EACH  SEG- 

c  renting  plane. 

C  XYZLRK— COORDINATES  OF  EACH  OF  THC  76  ANTHROPORCTRIC  LANDHARKS. 

C  NCOL— NURBCR  OF  SEGRCNTING  PLANES. 

C  LSTSa->LOGICAL  UARIABLC  EQUAL  TO  PROCESSING  IS  NOW  BEING  PCRFORHCD 
C  ON  the  last  SCGRCNT  THC  PRESENT  SCGRCNT  IS  TO  BE  DIUIDCD  INTO. 

C 

C. . ./POINTS/— DATA  PERTAINING  TO  THC  CROSS  SECTION  PRESENTLY  BEING  PRO- 
C  CESSED. 

C  X — X  COORDINATES  FOR  ALL  POINTS  IN  THC  CROSS  SECTION. 

C  Y— Y  COORDINATES  FOR  ALL  POINTS  IN  THC  CROSS  SECTION. 

C  NP— NURBCR  OF  DATA  POINTS  IN  THE  CROSS  SECTION. 

C  r— CORRON  Z  COORDINATE  OF  ALL  POINTS  IN  THE  CROSS  SECTION. 

C 

C. . ./STORER/— DATA  PERTAINING  TO  THC  STORAGE  OF  DATA  POINTS  PRODUCING 
C  NCGATIUC  DOT  PRODUCTS  AND  SORE  OTHER  RISC.  INFO. 

C  ISTRPL— NURBCR  OF  CROSS  SECTIONS  STORED  THUS  FAR. 

C  ISTORE — NURBCR  OF  DATA  POINTS  STORED  FOR  EACH  OF  THESE  CROSS 

C  SECTIONS. 

C  XYSTOR — XY  COORDINATES  OF  ALL  STORED  DATA  POINTS. 

C  ZSTOR— Z  COORDINATES  OF  EACH  CROSS  SECTION  WITH  STORED  DATA  POINTS. 

C  ISCGCT — CONTAINS  THE  NURBER  OF  THE  NEXT  CROSS  SECTION  TO  BE  WRITTEN 

C  OUT. 

C  ITOTST— THC  TOTAL  NURBER  OF  DATA  POINTS  STORED  IN  XYSTOR. 

C  NSCGCS — ARRAY  TO  BE  FILLED  WITH  THC  NURBCR  OF  CROSSCCTIONS  PER  EACH 

C  NEW  SCGRCNT . 

C  ISCG— The  NURBCR  OF  THC  NEW  SCGRCNT  WHICH  DATA  IS  PRESENTLY  BEING 

C  WRITTEN  OUT  FOR. 

C 

C. . ./PLACE/— data  pertaining  TO  THC  DOT  PRODUCTS  CORPUTED. 

C  ICOL— SPECIFICS  WHICH  COLURN  OF  PDOT  IS  PNCSCNTLY  BEING  USED. 


62 


n  n  n  n  f> 


PDOT— THE  DOT  PRODUCT  FOR  EACH  DRTA  POINT  IN  THE  PRESENT  CROSS  SEC¬ 
TION  HITH  EACH  SEOnCNTING  PLANE  OF  THE  PRESENT  SEOHENT . 

( 


PROGRAM  SOHNTS  < INPUT. OUTPUT. TAPE?. TAPES. TAPES. TAPESs INPUT ) 

LOGICAL  LSTSG.  DBLCUT 
REAL  NORN 

CONNON  /PLANE.'  NORNO.S).  IDEFPT(S>.XVZLNK(TS,  S>.NCOL. LSTSG 
COnnON  /POINTS/  XOS) .  TOSl  .NP.Z 

COnnON  /STORER/  ISTRPL. ISTORE(Za>.XVSTOR(Z. 1SB>.ZST0RCZS>. ISEGCT. 
SITOTST.NSCGCS(Zl). ISEG 
CONNON  /PLACE/  ICOL. PDOTISS. S ) 

integer  NPLNS(S> 

C  NUNSERS  OF  THE  SATA  SETS  TO  SE  PROCESSED  ARC  REAS  IN. 

REAS  O. Ill  ISTRT. ISTP.INC 
URITC  (S. 11)  ISTRT. ISTP. INC 
DO  less  ISUSsZSTRT. ISTP. INC 
ISEG  a  e 
DO  SOS  lal.Zi 
soe  Nscocscz)  1  0 
DO  T  1:1. IS 
RCAD(7.SS> 
r  CONTINUE 

C  NUNSCR  OF  CROSS  SECTIONS  PER  ORIGINAL  SEGHEHT  IS  REAS  IN. 

REAS  (7.77)  NPLNS 
CALL  ZCORS  (NPLNS) 

SO  ta  IxI.S 
READ  (7.77) 
as  CONTINUE 

SO  laa  ISECT  :l.S 
GOTO  (iza. 148. isa.ioa.zos). ISECT 
iza  CALL  NOTRUNK 

OSLCUT  X  .TRUE. 

GOTO  zsa 

140  CALL  RTARN 

OaLCUT  :  .false. 

GOTO  zsa 

ISO  CALL  LTARN 

GOTO  zsa 

180  CALL  RTLCO 

GOTO  zsa 

zas  CALL  LTLEO 

zsa  NPL  :  NPLNS(ISCCT) 

ITOTST  :  ISCOCT  :  ISTRPL  s  0 

ZCOL  I  1 

LSTSO  :  .FALSE. 

C 

C  EACH  CROSS  SECTION  NITNIN  ORIGINAL  SCGNCNT  ISECT  IS  PROCESSED. 

DO  SSa  ZPLANC  :  l.NPL 
READ  (7.9)  NP.Z 

IF  (NP.OC.ISO)  STOP  "X.  r.  and  PDOT  UNDER  DINCNSIONCD  IN  SON 

SNTS" 

READ  (7.10)  (X(L). Y(L).L:I.NP) 

CALL  DOT 

IF  (DBLCUT)  CALL  CONPRS 
CALL  SORT 

sea  IP  (DBLCUT)  NCOL  :  NCOL  *Z 

ISEG  s  ISCG  *l 


noon 


HSCocs(xtca>  t  ttctcr 

1B«  CONTINUE 

URXTC(9>99)  NMOCS 
READ  (7.99) 

xr  (Eorcri.Eo.B)  btor  ~cnd  or  nuc  not  rouNO" 
XMR  CONTINUE 

ENOrXCE  S 
CNOrXLE  9 

STOP  -TRON  SONNTS- 
9  rORNATCSX. XA.tBX.FB.t) 

te  roRNATcix. icrc.s) 

11  PORn«T  OXS) 

77  PORNAT  (IX.SXIR) 

99  PORNAT  (AX.ElXai 

END 


SUBROUTINE  DOT  CONRUTtS  DOT  PRODUCTS  POR  EACH  DATA  POINT  IN  THE 
PRESENT  CROSS  SECTION. 


subroutine  dot 

REAL  NORN 

COnnON  /’PLANED  NORnO.S).IDEPPT(6).XP(7S>.YP(76).ZP(76>.NCOL 
CONHON  yPOINTS^  X( 99 ) . T ( 99 ) . NP. Z 
COnnON  /PUACE/’  DUn.POOT(99.6} 

DO  IBS  Zsl.NCOL 

PZ  s  Z  -  ZPdDEfPTtJ) ) 

DO  IBB  Isl.NP 

IBB  PDOTCI.J)  s  NORNd.JlXXd)  -  XPdOEPPTt  J  >  )  ) 

•  TNORNfZ. J)a(Td)  -  YPdDEPPTd))) 

t  ♦NORHO.  J)«PZ 

RETURN 
END 
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>  SUBROUTINC  HOTRUNK  OCriMCS 
INTO  HCAD.  NECK.  THORAX. 


PLANES  SCPARATINfi  TNC  HEAD  TRUNK  SCONCNT 
ABOOnCN.  AND  PCLUIS. 


SUBROUTINE  HDTRUNK 
IMPLICIT  REAL  (N) 

INTEGER  NCOL 

COnnON  XPLANE/  NlX.NtY.NlZ.NZ0X.NZ0T.N20Z.N3X.N3r.N3Z.N4X.N4V.N4Z 
E . N2HX. N2HY. NZHZ. N2H2X . N2HZY . N2H2Z. lOEEPT ( B > . XP ( 76 ) . YP ( 76  > . ZP <  T6  > . 
6  NCOL 

NCOL  z  6 
IDErPT«U  s  33 
lOEFPTCZ)  :  43 
I0ErPT<3>  I  7 
I0ErPT(4l  s  32 
IDErPT(5)  s  Z 
I0CrPT(6)  z  43 

•  HEAO  -  UECTOR  FROM  LEFT  GONION  TO  RIGHT  GONION 
RAIXS  XP(4B)  -  XP(33) 

RAIY:  YP<4a>  -  YP<33) 

RAIZ:  2P(4e)  -  ZP(39) 

•  HEAD  -  UECTOR  FROM  LEFT  GONION  TO  NUCHALE 
RBIX*  XPdl  •  XP<39> 

RBlYs  YPU)  -  YP<39» 

RBlZs  ZP<1)  -  ZP(39) 

■  NORMAL  TO  HEAD  PLANE 

NlXs  (RtlY  •  RAIZ)  -  (RBIZ  ■  RAIY) 

NlYs  >((RaiX  •  RAIZ)  -  (RBIZ  •  RA1X>) 

NIZ:  (RBIX  •  RAIY)  -  (RBIY  ■  RAtX) 

•  NORMAL  TO  NECK  HORIZONTAL  PLANE 

N2HX  :  NZHZX  x  B. 

NZNY  X  N2H2Y  X  6. 

*  1 

•  NORMAL  TO  NECK  DIAGONAL  PLANE 
NZDXx  • 

NZOYt  I 
NZOZx  1 

«  NORMAL  TO  THORAX  HORIZONTAL  PLANE 

N3XX  a 
N3Yx  a 
N3Zx  1 

a  NORMAL  TO  ABDOMINAL  HORIZONTAL  PLANE 

N4Xx  a 
N4YX  a 
N4Zx  1 

RETURN 

END 
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tUMOUTXNC  KTARH  OCrXNCS  CCOHCNTINO  ^UAMCt  •CPARATXNO  THC  RXOHT  MRU 
XMTO  AH  URRCR  ARM.  tOUCR  ARH.  AHD  HAHO. 


•umOUTXNC  RTARH 
XHRLXCXT  RCAL  (N> 

XNTCOCR  MCOU 

COrmON  ^RLAHC^  NORni3>R>>X0CrAT(Rt.XA(TR).VRCTS>.ZP(r»>>NCOt 
COUXUALCNCC  (NORn<X. l>«HtM). <HORn(S<  t > > NtV > . CNORRO. 1 >>H1Z>. INORHI 
R1>Z).HKX). (NORn(Z«C).NXV>. ( NORH< 3. C > •MtZI 

NCOU  (  Z 
XPCFAT  <1)  X  14 
XBCFPT  (Z>  X  ZZ 

«  RT  CL30U  PtANC 

•  UCCTOR  FROn  RT  LATCRAL  HUnCRAC  CPXCON 

a  (PT  1Z>  TO  RT  OLCCRAHOH  (PT  14) 

RAXx  XPC14)  -  XP(IZ) 

RAVx  VP(14)  -  VP(lZ) 

RAZx  ZP<14)  >  ZP(1Z> 

a  UCCTOR  FROH  RT  LATCRAL  HUnCRAL  CPXCON  (PT  IZ) 
a  TO  RT  nCOIAL  HUHCRAL  CPXCON  (PT  13) 

RIXx  XP(1R>  -  XPdZ) 

RlTx  YP(IR)  -  YP(IZ) 

RIZx  ZP(1R>  -  ZPdZ) 

a  normal  UCCTOR  TO  PLANC  CONTAXNXNO  RA  ANO  RB 
a  VCCTORB  (RT  CLBON  PLANC) 

NlXx  (RBYaRAZ)-  (RBZaRAY) 

NlYl  >((RBXaRAZ)>  (RtZaRAX)) 

NlZx  (RIXaRAY)*  (RBVaRAX) 
a  RT  HRXST  PLANC 

a  normal  TO  RT  HRXtT  PLANC 

NZXx  • 

NZYx  YP(13)  -  YP(ZB) 

NZZx  ZPdO)  -  ZP(ZB> 

RCTURN 

CNB 


66 


n  n  n 


•  SUMOUTINC  LTARH  OCFINCS  SCOnCNTtNO  PI.M4Cg  SCPAMATINO  THC  LCfT  MRn 
INTO  URRCR  Rlin<  LOUCR  RRI1>  RNO  HAND. 


DUDROUTINC  LTARH 
IHRUICIT  REAL  (N> 

XNTCaCR  NCOL 

COHNON  ^RLANC/'  NORHO.  •).  XPCrPTCA)  .  XR(TD> .  TRC  7D>  >  ZAC  7» ).  NCOL 
COUXVALCNCE  (NORNC 1. 1 1 > NIX ) . (NORH(Z. t > < NIY) . C NORNO. 1 ) > NIZ > . (NORH( 
RX.Z)>NZX). (NORH(Z.Z>>NtV>. (NORN(J>t>>NZZ> 

NCOL  :  Z 

■  LT  ELDON  RLANC 

•  VECTOR  FRON  LT  OLCCRANON<RTiai  TO  LT 

•  LATERAL  NUNERAL  CAXCON<RTll) 

RAXx  XP(ll)  -  XACID) 

RAVi  YR<11)  -  YR(13) 

RAZx  ZR(Xl)  •  ZA<X3) 

•  VECTOR  PROH  LT  OLCCRANON( ATt3l  TO  LT  HEDIAL 

•  NUNERAL  EAXC0N(AT9I 
RDXs  XR(9>  -  XP(13) 

RDYi  YP<D)  -  YP<13> 

RlZx  ZP(9)  -  ZP<ia> 

■  NORHAL  VECTOR  TO  PLANE  CONTAXNXND  RA  AND  RD 

•  VECTORS  (LT  ELDON  PLANE) 

NtXx  (RDYaRAZ)-  (RDZ*RAY) 

NlYs  -((RIXaRAZ)-  (RSZ*RAX)> 

NlZa  (RDXaRAY)-  (RDYaRAX) 

a  LT  WRIST  PLANE 

a  NORHAL  TO  LT  NRXDT  PLANE 

NZX*  S 

NZYl  YPdS)  -  YP<19) 

NSZt  ZP(IS)  •  ZP(19) 

lOEfPT  <t)  t  13 
XOEPPT(Z>  z  Zi 
RETURN 
END 
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•  SUmOUTIMC  RTLCO  DCrXNCS  SeOnCNTZNO  BLANCS  SCAARATXNG  THC  RXQMT  UCC 
XNTO  URPCR  LCO.  CALF.  AND  POOT. 


SUDKOUTXNC  RTLCO 
XNRLXCXT  REAL  (N) 

XNTCOCR  NCOC 

CONHON  /RUANC/  NORHO. «) . XOCPRT (6)> XVZLHKCrft. 3> . NCOL 
CaUXUALCNCe  (NORNCI. 1 ).N1X>. (NORHCZ. t>.NlY>> (NORncS. t ).N1Z) . (NORn( 
tl.Z)>NZX).  (N0Rn(Z>Z>.N2V),  <NORflO<Z><NZZ> 

NCOL  t  z 

xoerPT(i)  X  ss 

XDCrRT(Z)  I  «9 

NORNAL  TO  RXOHT  KNCC  PLANE 

NXXx  ■ 

NIYX  ■ 

NlZa  1 

NORNAL  TO  RT  ANKLE  PLANE 

NZX:  ■ 

NZYx  8 
NZZs  1 


RETURN 

END 
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«  SUIROUTXNC  UTLCO  DCriNCS  WanCMTXHa  RLANCS  SCRARATXNO  THE  UCrT  LEG 
INTO  UPPER  LEO<  CALP*  ANO  FOOT. 


SUMOUTXNE  urUEO 
XHPLXCXT  REAL  (N) 

XNTEaER  NCOL 

COnnON  /PLANE/'  NORNO«R>.XOErPT(S>.XYZLNKC76.3>.NCOL 
EQUXUALENCE  (NORNC 1. D.NXX). (NOANCZ, II.NIV). CNORNCa. D.NIZ) . (NORN( 
AX.Z>>NZX). (NOAn(Z«Z)>NZY). (NORnC3>Z)>NZZ) 

NCOL  s  Z 
IDEPPTd)  :  SR 
IDErPTCZl  3  68 

nornal  to  left  knee  plane 

N1X3  8 
NlYs  8 
NtZ3  1 


•  normal  to  left  ankle  plane 

NZX3  8 
NZYs  8 
NZZs  1 


RETURN 

END 


i 

m 
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sumouTXNC  zcom  rcaos  xn  thc  z  coordxnatcs  or  all  cross  sections  as 

LXSTCO  AT  THE  BCaXNNXNQ  Of  THE  DATA.  USXNO  THESE*  ZCORS  OETER- 
HXNES  THO  Z  COOROXNATES.  ONE.  THE  AUCRAOE  Or  THE  Z  COORDINATE  Or 
THE  riRST  CROSS  SECTION  Of  THC  LCrT  UARCR  ARH  AND  THC  Z  COORDINATE 
or  THE  CROSS  SECTION  IN  THE  THORAX  innCDXATCLT  ASOUC  THIS.  THE 
OTHER  Z  COORINATC  IS  CONRUTCD  SINILARlLY  USINO  THC  RXOHT  ARH. 
these  TMO  Z  COORDINATES  ARC  WRITTEN  OUT  AS  A  TTTH  AND  TSTH 
LANDNARK . 


subroutine  ZCORS  (NRLNS> 

COHNON  ..ROINTS^  Z(ISS) 

INTCOCR  NRLNS(S) 
real  ZCORCZ) 

ISKXRdl)  a  (XI  *  ID.'IB 

ISTR  a  NRLNS(l) 

READ  (T.tS)  (Z(I).Xat.XSTRI 
READ  (T.99)  ZCORd) 

ISTR  a  XSKIR(.NRLNS<Z))  -t 
DO  IB  lat.XSTR 
IB  READ  <T.«S> 

READ  (7. SB)  ZeOR(Z> 

ISTR  a  ISKIR(NRLNS<B1 )  «  XSKIR(NRLNS(<I>  >  ♦  ISKIR(NRLNS(S>  >  -1 
DO  SB  lal.XSTR 
ZB  READ  <7. SB) 

DO  4B  XXal.Z 
X  a  B 
SB  X  a  X 

XP  (Z(X).OT.ZCOR(II))  BOTO  SB 
4B  ZCOR(XX)  a  <Z(X-t>  ♦  ZCOR<XX)MS. 

CALL  LANONK 
MUTE  (S.BB)  ZCOR 
RETURN 

BB  rORNAT  (tSX.PlB.t) 

BB  roRHAT  <ix. icrs.z) 

END 
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«  SUMOUTXNC  LANOriK  RCADB  IN  THC  7«  ANTHROPOnCTRXC  LMNDHMKS  XN  THE 
C  DATA  SET.  XT  ALSO  DETERHXNES  Xr  THE  ACTUAL  COOAOXNATES  Or  THE 

C  LANDHAAK  NEED  YO  BE  COMPUTED. 

C 

c 

SUBROUT XNE  LANDHK 

COnnON  /'PLANE/  DUn(Z4).NrZLnK(7S<3> 
real  PROXC3>.DXSO> 

DO  IBB  Xtl.TB 
READ  (7. SB)  PROK.DXS 

C 

C  xr  DXS  :  (B.B.B)  THEN  THE  COOROXNATES  Or  THC  LANDMARK  ARC  IDCNT- 
C  ICALLT  THOSE  OP  PROX;  ELSE  COMB  IS  CALLED  TO  COMPUTE  THE  COORDX- 

C  NATES  OP  THC  LANDMARK. 

DO  3BB  Jit. 3 

xr  (DISC Jl .CO.B>  BOTO  2SB 
CALL  COMB  (PROX. BIS) 

OOTO  7S 
EBB  CONTINUE 

73  DO  IBB  Jit. 3 

tBB  XVZLMK(I.J)  I  PROX(J) 

WRITE  (S.BB)  (X.  (XVZLMKd.  J).  Jsl.3>.  tsl.TS) 

RETURN 

BB  PORMAT  (XS.SrtB.Zl 

SS  PORMAT  (SX.3PtB.Z.3X.3PtB.2) 

END 


C  SUBROUTINE  COMB  It  USED  TO  COMPUTE  THE  ACTUAL  LOCATION  OP  AN  ANTHRO 

C  POMCTRXC  LANDMARK.  THXS  LOCATION  IS  ON  THC  LINE  BCTUCCN  THC 

C  POINTS  PROX  AND  DXS.  3/4  INCH  PROM  PROX  XN  THE  DIRECTION  OP  DXS. 

C 

c 

SUBROUTINE  COMB  (PROX. DXS) 
real  PROX (3 ) . D X S ( 3 > . XYZ ( 3 > . LCNOTH 
LCNOTH  I  B. 

DO  tBB  Xit.3 

XVZCX)  1  DXS<X)  -  PROXCX) 

tBB  LCNOTH  I  LCNOTH  *  XrZ(X>*«2 

LCNOTH  I  .7S  al.SX/fORTC LCNOTH) 

DO  2BB  lit. 3 

XYZ(X)  :  LCNOTH«XYZ(X) 

2BB  PROX(X>  1  PROXd)  «  XYZd) 

RETURN 

END 
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m  SUBROUTXNe  SORT  CONTROLS  RROCCSSING  Or  EACH  CROSS  SECTION. 

C 

C 

SUBROUTINE  SORT 
LOGICAL  LSTSQ 

COHNON  /RLANC<'  NORNO.S>>  I0ErRT(S>.xy2At2ZB>^NC0L/LSTSG 
COnnON  ^■ROINTS/’  X<SS>.YfSS).NPTS<Z 

CONNON  /STORER^'  ISTRRL>  ISTORECZB) . XYSTORtZ.  ISO) .  ZSTORC ZB) .  ISCGCT 
S . I TOTST . NSEGCS  <  Z 1 > . I SEG 
CONNON  /'PLACED  ICOL>  POOT(SS.G) 

CALL  LOOK  (COLSG) 
ir  (COLSG)  ZSe.ZGSilBS 

BOB  ir  (LSTSO)  goto  IBB 
LSTSO  :  ICOL.GE.NCOL 
CALL  UNSTOR 

IBB  ISEGCT  :  ISEOCT  *1 

URITE  (S.BB)  ISEGCT.NPTS.Z 
WRITE  (S>SS)  (X(I).Y(I).  lxI<NPTS> 

RETURN 

ZBB  CALL  SEP 
RETURN 

BB  PORNAT  (tX.ZIA.BX.FB.Z) 

9S  roRNAT  (ix.izrs.z) 

END 


C  SUBROUTINE  LOOK  EXANINES  THE  COLUNN  OP  BOT  PROOUCTS  POR  A  CROSS 

C  SECTION.  IP  ALL  DOT  PRODUCTS  ARC  POSITIUC  COLSG  IS  RETURNED  UITH  A 

C  POSITIUC  UALUC.  IP  ALL  ARC  NCOATXUC  COLSG  IS  RETURNED  WITH  A 

C  NEGATIVE  UALUC.  IP  TNC  DOT  PRODUCTS  ARC  OP  NIXED  SION  COLSG  IS 

C  RETURNED  AS  B.  DOT  PROOUCTS  OP  UALUC  B  ARC  IGNORED  IN  THIS  CXAH> 

C  INATION. 

C 

C 

SUBROUTINE  LOOK  (COLSG) 

CONNON  /'POINTSP  DUN(  19B)  •  NPTS 
CONNON  <'PLACC<'  ICOL.  PDOT( 99. S> 

ISTRT  s  B 

IB  ISTRT  *  ISTRT  ♦! 

IP  ( ISTRT. OC. NPTS)  GOTO  ISB 
IP  (POOT( ISTRT. ICOL). CO. B. )  GOTO  IB 

COLSO  I  PDOT  I ISTRT. ICOL) 

ISTRT  *  ISTRT  *l 
DO  IBB  Is ISTRT. NPTS 

IP  (PDOT(I.ICOL)aCOLSa  .OC.  B. )  GOTO  IBB 
COLSO  t  B. 

RETURN 

IBB  CONTINUE 
RETURN 

iSB  COLSO  X  PDOT (ISTRT. ICOL) 

IP  (COLSO. EG. B. )  COLSO  s  I. 

RETURN 

END 
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•  u  u  u  u  u 


SUMOUTXNC  SCP  It  CALLED  TOR  A  CROSS  SECTION  UHICH  HAS  DOT  PRODUCTS 
or  HIKED  SIGNS.  IT  CONTROLS  THE  STORAGE  OP  DATA  POINTS  YIELDING 
NEGATIVE  DOT  PRODUCTS.  THE  WRITING  OF  DATA  POINTS  WITH  POSITIVE 
DOT  PRODUCTS.  AND  THE  CREATION  OF  TWO  NEW  DATA  POINTS. 


SUSROUTINE  SCP 
REAL  KYTEHP  (2.S9) 

LOGICAL  SNGLPT 

COnnON  /POINTS.'  XOSI.YCSSI.NPTS.Z 
COHHON  /PLACE/  ICOL.PDOTOS.S) 

COnnON  /STORCR/  ISTRPL. ISTORC(M>.KYSTOR  (  SSS> . ZST0R(2R> . ISCOCT 

ITCHP  s  S 
ISTRPL  s  ISTRPL  ♦! 

IF  ( ISTRPL. OT.2S)  STOP  "ISTOR  AND  ZSTOR  UNDER  DIHCNSIONCD  IN  SCHHT 

SS" 

ZSTOR  (ISTRPL!  X  Z 
ZSTORC( ISTRPL!  x  S 
SNGLPT  X  .FALSE. 

SION  1  PDOT  (l.ICOL! 

DO  ISO  Ixl.NPTS 

IP  (SIGN»PDOT(I.ICOL!.GT.S!  GOTO  SS 
CALL  ADOPT  ( I . ITCHP. KYTEHP! 

SIGN  X  POOT( l.ICOL! 

SNGLPT  X  .NOT. SNGLPT 
SS  IP  (PDOT(I.ICOL!.LT.S!  GOTO  7S 

CALL  TCHPST  (X(I!.  Y(I!.  ITCHP.  XYTCHPl 

GOTO  ISS 

rS  CALL  STORE  (X(I!.Y(I!! 

ISS  CONTINUE 

IP  (SNGLPT!  CALL  ADOPT  ( 1 . ITCHP. XYTCnPI 

ISCOCT  X  ISCOCT  «1 

WRITE  (S.SS!  ISCOCT. ITCHP. Z 

WRITE  (S.SS!  ((KYTCHP(I.J!.Isl.Z!.Jil. ITCHP! 

RETURN 

SS  FORHAT  ( IX. ZI4.sk. FS.Zl 

SS  FORHAT  (tX.lZrS.Z! 

END 
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noon* 


SUWOUTINC  ADOPT  COnPUTCt  THC  COORDlNATCt  OP  ONC  OP  TMt  PAIR  OP 
POINTS  TO  SC  ADDCD  TO  A  CROSS  SCCTION  UITH  DOT  PRODUCTS  OP  nlXCD 
SIONS. 


SUIROUTXNC  ADOPT  (t< XTCNP.XVTCNPt 
XnPLteiT  RCAL  (N) 

RCAL  XTTCNP  UM) 

XNTCOCR  NPTS 

COnnON  ^POXNTS/  X(SS>iV(SS)tNPTS<Z 

COnnON  /'PLANS/  NORN(S«S)«  XDCPPT(S)/XPt7S),yPCrS>>ZPCrS> 
CONNON  /PLACE/  XCOL 
CX  I  X(X) 

cz  I  v(X> 

xp  (x.co.i)  aoTo  IS 

SI  t  X(X-t} 

IZ  X  T(X-t) 

OOTO  Si 
ZS  tl  X  XCNPTS) 

SZ  X  VINPTS) 

SS  N1  X  NORN  (l.XeOLI 

NZ  X  NORN  (Z. XCOL) 

NS  X  NORN  (S.XeOL) 

At  X  XP(XDCPPT(XCOL)> 

AZ  X  VPdOCPPTCXCOL)) 

AS  X  ZP(X0CPPT(XC0L)) 

XP  (St.CO.Ct)  SOTO  tss 
SLOPC  t  (SZ-CZt/df-Ct) 

XAOO  X  (NS*<AS  •  Z>  T  NtixAt  *  NZ«<SLOPC*St  «  AZ  -  SZ>> 
XAOO  X  XADO/(Nt  *  NZ«SLOPC) 

YAOD  X  SLOPe«(XADD  'St)  ♦  BZ 
OOTO  tss 
Its  XADD  X  St 

YAOD  X  (NtA(At-Bt>  *  NS«<AS-Z>)/NZ  ♦  AZ 
tss  CALL  TCNPST  <XAOO. YADD. XTCNP/ XYTCHP) 

CALL  STORC  (XAOD.YADO) 

RCTURN 


ononon  non 


■  tuMouriNC  aroiic  stohcs  points  uxtm  ncoatxuc  dot  products  rson  p 

CROSS  SCCTXON  HAUXNO  DOT  PRODUCTS  OP  SOTH  SION. 


SUBROUTXNC  STORC  (X.YI 

COHNON  ^STORCR/’  XSTRPL>XSTORC(tS><XVSTOR(t>lSS>.OUn(ei),  XTOTST 
XTOTST  I  XTOTST  *t 

XP  (XTOTST. OT.XSS)  STOP  “XYSTOR  UNDER  DXnCNSIONCD  XN  SONSTE" 

XYSTOR  (X. XTOTST)  a  X 

XYSTOR  (2. XTOTST)  a  Y 

XSTORC(XSTRPL)  i  XSTORCC XSTRPL)  *i 

RETURN 

END 


SUSROUTXNE  TEHPST  STORES  DPTR  POXNTS  YXELDXNO  POStTIUE  DOT  PRODUCTS 
PRON  R  CROSS  SECTXON  NtTH  DOT  PRODUCTS  OP  ntXED  SXONS.  THESE 
POXNTS  ARE  STORED  ONLY  UNTXL  THIS  CROSS  SECTXON  HAS  BEEN  COH- 
PLETELY  PROCESSED. 


SUBROUTXNC  TCNPST  (X. Y. XTCNP> XYTCHP) 

REAL  XYTEHP  (2<SS> 

XP  (XTCnP.OC.iSS)  STOP  “XYTEHP  UNDER  DXHCNSXONCD  XN  BORNTS" 

XTCHP  a  XTCHP  «X 

XYTEHP  (1. XTCHP)  a  X 

XYTEHP  (2. XTCHP)  a  Y 

RETURN 

END 


'j 
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•  SUBROUTINE  UNSTOR  IS  CM.UCO  MMCN  *  CROSS  SECTION  UlTH  ALL  NEOATXUE 
C  DOT  PRODUCTS  IS  ENCOUNTERED.  IP  DATA  POINTS  NAUE  SEEN  STORED  THEY 

C  ARC  WRITTEN  OUT  BY  UNSTOR.  ALSO  UARIOUS  COUNTERS  ARC  RESET. 

C 

c 

SUBROUTINE  UNSTOR 

COmON  .'STORCR^  ISTRPL.  ISTORC(ZS)  •  XYSTOR<B>  ISB  > «  ZSTORCES)  >  ISCOCT. 
SITOTST. NSCOCStZt  > . ISCO 
COHNON  ./PLACE/’  I  COL 

ISCO  :  ISCO 
NSCOCSCISCOl  :  ISCOCT 
ISCOCT  s  e 
ISTRT  s  1 
ISTP  «  • 


iss  ir  ( ISCOCT. ec. isTRPL)  GOTO  2ea 
ISCOCT  s  ISCOCT 
ISTR  X  ISTORC  (ISCOCT) 

WRITE  (S.SS)  ISCOCT. ISTR. ZSTOR  (ISCOCT) 

ISTP  X  ISTP  «ISTR 

WRITE  (S.SS)  ((XVSTOR(I.J).Ixl.Z).J:ISTRT.ISTP) 
ISTRT  X  ISTP  ♦! 

GOTO  lee 


ZBO  ISTRPL  X  ITOTST  x  ■ 
ICOL  X  ICOL  fl 


RETURN 

as  PORNAT  (tX.ZIW.aX.PR.Z) 

SS  PORNAT  (lX.iZPS.Z) 

END 


C  SUBROUTINE  CONPRS  IS  CALLED  TO  ASSIGN  ONE  DOT  PRODUCT  TO  EACH  DATA 
C  POINT  BEING  SEPARATED  BCTWCCN  THE  NECK  AND  THORAX.  THREE  SCCnCN> 
C  TATION  PLANES  ARC  USED  POR  THIS  SCPARATATION.  THUS  THREE  DOT  PRO- 

C  DUCTS  ARC  COHPUTCD.  WHICH  NUST  BE  CONBINCD  INTO  ONE. 

C 

c 

SUBROUTINE  CONPRS 

CONNON  /place./  ICOL.PDOTOS.S) 

CONNON  /POINTS/  DUNl ( ISS) . NPTS 
CONNON  /PLANE/  DUNZ ( Z5Z > . NCOL 
NCOL  X  NCOL  -Z 
DO  ISa  IxI.NPTS 
IP  (PDOT(I.S).OT.a. )  OOTO  7S 

IP  (POOT(I.Z).ST.a.  .AND.  PDOT< l.S) .QT.S. >  GOTO  73 
POOT(I.Z)  I  -I 
OOTO  laa 

7S  PDOT  (I.Z)  X  1 
ISO  CONTINUE 
RETURN 
END 
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C  PROORAn 

C 

C 

C  PROaRPn  FLAPS  IS  thc  second  xn  a  series  op  three  SEONENTATION 
C  ROUTINES*  USED  TO  REGROUP  lOOV  SURFACE  DESCRIPTION  DATA  POINTS  INTO 
C  DATA  POINTS  DESCRIBINO  THC  SURFACE  OF  IS  DIFFERENT  BODY  SCONCNTS. 

C  FLAPS  RCCCIUCS  THE  DATA  OUTPUT  BY  SONNTS  AND  SEPARATES  THC  LEFT 
C  SHOULDER  FLAP  FROH  THC  THORAX  SCOnCNT  AND  SEPARATES  THC  LEFT  HIP 

C  FLAP  FROn  THC  PCLUIS  SCONCNT.  FLAPS  IS  THEN  RAN  A  SECOND  TINE. 

C  REPROCESSING  THE  OUTPUT  FROH  ITS  PRCUIOUS  RUN.  THIS  TINE  IT  SCPAR- 

C  ATCS  THC  RIGHT  SHOULDER  FLAP  FRON  THC  THORAX  AND  THC  RIGHT  HIP  FLAP 

C  FROH  THC  PCLUIS. 

C 

C  FLAPS  READS  BODY  SURFACE  DESCRIPTION  DATA  POINTS  FROH  TAPE?.  IT 
C  ALSO  READS  THC  NUHBCRS  OF  THC  DATA  SETS  TO  BE  PROCESSED  FROH  TAPES. 

C  ALONG  WITH  THC  NUHBCR  OF  CROSS  SECTION  PER  SEOHCNT  OF  THC  READ  IH 

C  DATA.  THC  DATA  POINTS  RESULTING  FROH  THC  PROCESSING  OF  FLAPS  ARC 
C  URXTTCN  TO  TAPES.  AND  THC  DATA  SETS  PROCESSED  AND  RESULTING  NUHBCR 

C  OF  CROSS  sections  PER  EACH  SEOHCNT  IS  WRITTEN  TO  TAPES. 


C  COHHON  AREAS 
C 

C...v'PLANC/ — DATA  PERTAINING  TO  ONE  OF  THC  SCOHCNTS  OF  THC  READ  IN  DATA, 
C  WHICH  IS  presently  BEING  FURTHER  SCGHCNTCD. 

C  HORN — CONTAINS  THE  COHPONCNTS  OF  THE  NORHALS  TO  EACH  SCGHCNTINC 

C  PLANE. 

C  IDEFPT — CONTAINS  THC  NUHBCR  OF  THC  LANDHARK  USED  TO  DEFINE  EACH  SCG- 

C  HCNTING  PLANE. 

C  XYZLHK— COORDINATES  OF  EACH  OF  THC  7S  AHTHROPOHCTRIC  LANDHARKS. 

C  NCOL— NUHBCR  OF  SCGHCNTING  PLANES. 

C 

C. . ./POINTS/— DATA  PERTAINING  TO  THE  CROSS  SECTION  PRESENTLY  BEING  PRO> 

C  CESSED. 

C  X— X  COORDINATES  FOR  ALL  POINTS  XN  THC  CROSS  SECTION. 

C  Y— Y  COORDINATES  FOR  ALL  POINTS  IN  THC  CROSS  SECTION. 

C  HP— NUHBCR  OF  DATA  POINTS  IN  THC  CROSS  SECTION. 

C  Z — COHHON  Z  COORDINATE  OF  ALL  POINTS  IN  THC  CROSS  SECTION. 

C 

C. . ./STORCR/— data  PERTAINING  TO  THE  STORAGE  OF  DATA  POINTS  PRODUCING 
C  NCQATIUC  DOT  PRODUCTS  AND  SOHC  OTHER  HISC.  INFO. 

C  ISTRPL — NUHBCR  OF  CROSS  SECTIONS  STORED  THUS  FAR. 

C  ISTORC— NUHBCR  OF  DATA  POINTS  STORED  FOR  EACH  OF  THESE  CROSS 

C  SECTIONS. 

C  XYSTOR— XY  COORDINATES  OF  ALL  STORED  DATA  POINTS. 

C  ZSTOR — Z  COORDINATES  OF  EACH  CROSS  SECTION  WITH  STORED  DATA  POINTS. 

C  ISCGCT— CONTAINS  THE  NUHBCR  OF  THC  NEXT  CROSS  SECTION  TO  BE  WRITTEN 

C  OUT. 

C  XTOTST — THC  TOTAL  NUHBCR  OF  DATA  POINTS  STORED  IN  XYSTOR. 

C  NSCGCS — ARRAY  TO  BE  FIL'LCO  WITH  THC  NUHBCR  OF  CROSBCCTIONS  PER  EACH 

C  HEW  SEOHCNT. 

C  I  SCO— THC  NUHBCR  OF  THC  NEW  SEOHCNT  WHICH  DATA  IS  PRESENTLY  BEING 

C  WRITTEN  OUT  FOR. 

C 

C. . ./PLACE/— DATA  PERTAINING  TO  THE  DOT  PRODUCTS  COHPUTCD. 

C  I COL— SPECIFICS  WHICH  COLUHN  OF  PDOT  IS  PRESENTLY  BEING  USED. 

C  PDOT— THC  DOT  PRODUCT  FOR  EACH  DATA  POINT  IN  THC  PRESENT  CROSS  SCC- 

C  TXON  WITH  EACH  SCGHCNTING  PLANE  OF  THC  PRESENT  SEOHCNT. 
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C  NI>Nt.S— NUniCR  or  CROtS  RCCTtONt  RCR  SCOMCNT  Or  DATA  READ  IN. 

c  isccT— NunKR  or  tnc  KafieNT  kzno  rroccsscd. 

c 

c 

RROaRAH  rLARS  ( INRUT > OUTRUT . TAPCS* TRACT. TAPC3> TAACO) 
connoN  ^RUANC/  NORnca.S). Z0GrpT<s).xrZLnK(7s.3).LSTS0 
COnnON  /-POINTS/  M(SS>.y(SS>.NR.2 

COnnON  /STORCR/  tSTRRU. ISTORC ( SS) > XVSTORCZ. 25S> . ZSTOR ( SB > . ISCOCT , 
SITOTST.NSCaCtCZl). ZSCO 

CONNON  /PLACC/  ICOL. POOTC SB. S I . NPNLSCZt > • ISCCT 
CXTCRNAU  SORT.SORTZ 
LOOXCAU  LCrT 

C  NUNSCRS  or  thc  data  sets  to  sc  rroccssco  arc  rcad  in. 

RCAD  O. 11)  tSTRT. XSTR. INC 
MRITC  (S.ll)  XSTRT. XSTR. INC 
00  iSSB  ISUBsXSTRr. XSTR. INC 
ISCO  t  ISCCT  X  B 
DO  BBS  txl.ZS 
9BB  NSCOCSd)  X  B 

C  NUMBER  or  CROSS  SECTIONS  RCR  CACH  EXISTING  SCGNCNT  IS  RCAD  IN. 

READ  (3.9S)  NRNLS 

C  ir  NRNi.S(lS)  ANO  NRNLSdB)  SOTN  CBUAL  B  THEN  TLAPS  ON  THC  LCRT  StOC 
C  or  THC  BODY  ARC  RCNOUCO.  ELSE  ruARS  ON  THC  RIGHT  SIOC  Or  THE  BOOT 
C  ARC  RCNOUCO. 

UCrT  X  NRNLS(IB)  «  NRNLSdB)  .CO.  B 
00  IB  Zll.TB 

RCABir.BB)  Xt.(XYZtNK(  I.D.Jxl.BI 
IB  URITC(S.BS)  It.<XrZCMK(  Z.Z).Jxl>3> 

CAUL  SKIR  (t) 
ir  <ucrT)  ooTots 

ISKXR  X  Z 
CALL  RSHrtR 
GOTO  SB 

ZS  ISXIR  X  1 

call  uswrcR 

SB  CALL  SONNT  ( SORTS ) 

call  SKIR  (ISKIR) 

ir  <LcrT)  ooTo  rs 
CALL  RNPrLP 
GOTO  IBB 

7S  CALL  LHPPLP 

IBS  CALL  SGMNT  (SORT) 

CALL  SKIR  (ISKIRall) 

URITCtS.BB)  NSCGCS 
IBBB  CONTINUE 


CNOriLC  3 
CNOriLC  S 
STOP  -TROM  rLARS" 


11 

rORNAT 

(3XS> 

SB 

roRNAT 

(is.sriB.z) 

99 

PORNAT 

(4X.Zlt3) 

CNO 
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•  SUBROUTINE  SGUNTS  READS  IN  EACH  CROSS  SECTION  AND  CONTROLS  THE  EXAN- 
C  INATION  of  DATA  POINTS  WITHIN  THE  CROSS  SECTION. 

c 

c 

subroutine  senNT  (sorter) 

wOGICAL  USTSG 

COnHON  .'POINTS/  X  09  1  .  !■  (  99  )  .  NP  .  Z 

COnriON  /STORFR/  IS  TRPi. .  Dun  (  340  ) .  I SEGCT,  I  TO'^ST ,  nsEOCS  C  2 1  )  .  ISEG 
TOnnON  /PLACE/  ICOL, PDOT 09, 3) - NPNlS(21 ) , ISECT 
connON  /PLANE/  Duni ( 234 ) , lStsg 
ISECT  :  ISECT  *1 

nPl  =  NPNLS( ISECT) 

I'OTST  t  ISEGCT  :  ISTRPl  :  0 
»S'SG  :  .false. 

DO  300  IPLANE  :  1 . NPL 

READ  (7.9)  NP.2 

READ  (7,10)  (  X(  L  ) ,  r  (  L  ) .  i.:l .  NP  ) 

call  dot 

IF  (ICOL.GT.l)  CALL  CONPRS 
300  call  sorter 

IF  (  ISTPP;.  .  CT.  0)  CALL  UNSTOR 
;  SlG  :  ISEG  -H 
NSEGC3(:SEG)  ;  ISEGCT 
return 

9  /ORnar  ( 3X. 14, 10X, PS . 2 ) 

10  FCRHAT  ;ix.i2re.2) 

END 
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«  SUaffOUTlNC  DOT  COMPUTCS  DOT  PRODUCTS  rOR  CACH  DATA  POINT  IN  THE 
PRCSCNT  CROSS  SCCTION. 


SUBROUTINE  DOT 
real  NORN 

connON  /'POINTS^  xcssi.ycssi.np.z 
COMMON  /'PLACED  ICOL.  PDOTC  99.  S  1 

COMMON  .'PLANED  NORMO.S).  I0ErPT(S>.XP(7a>>TP<78>.ZP(78> 

DO  188  Jsl.lCOL 

PZ  s  Z  -  ZP(IOErPT(J) ) 

DO  188  Iil.NP 

88  PDOTtl.J)  :  NORMC 1 . J ) » ( X ( I )  -  XP< IDEEPT ( J ) ) ) 
t  *NORM(Z. J )>(T( I >  -  YP< IDCrPTt J) > ) 

t  yNORMO.JIbPZ 

RETURN 
END 


subroutine  Skip  is  used  to  skip  ouer  nsec  segments  which  require 
NO  processing. 


subroutine  skip  (NSEG) 

COMMON  /POINTS.*  X<99).Y<99).NPTS.Z 
COMMON  /PLACE/  0UM(496).NPLNS(21>. ISECT 
COMMON  /STORER/  DUMZ ( 543 ) . NSEGCS ( 21 ) . ISEG 
DO  108  I  si. NSEG 
ISECT  s  ISECT  ♦! 

ISEG  s  ISEO  *1 
HPL  s  NPLNSC ISECT) 

NSEGCSdSEG)  s  NPL 
DO  188  J si. NPL 
READ  <7.99)  IPLANE.NPTS.Z 
URITE  (9.99)  IPLANE.NPTS.Z 
RCAD(7.88)  (X(L).Y(L).Ls1.NPTS) 
URtTC(9.88)  (X(L).Y(L).Ls1.NPTS) 

108  CONTINUE 
RETURN 

88  rORMAY  .<X.1ZA6) 

99  FORMAT  (IX  2I4.8X.A0) 

END 
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SUBROUTINC 

SHOULDER 


RSHELP  DCPINCS  SEGnCNTING  PLANES  SEPARATING  THE  RIGHT 
FLAP  FROM  THE  THORAX. 


SUBROUTINE  RSHFLP 
IMPLICIT  REAL  <N> 

COMNON  ^PLANE/'  N0RM(3.3).IDErPT(3>.XPC78).YPcrB).2P<7B» 
COnnON  /PLACE/*  I  COL 

EOUIUALENCE  (NORH.NIX)/  (NORHtZ,  D.NIY).  (NORNO.  D.NtZ) 
EQUIUALENCE  (NZX.NORnd.Z) ). ( N2Y. NORNCZ. 2 ) ) . C N2Z. NORNC 3. 2 ) > 
ICOL  :  2 
IDEFPT  <U  s  4 

NORMAL  TO  RT.  SHOULDER  FLAP  PLANE 
NIX  s  2P(6>  -  ZP(4> 

NiY  5  e. 

NIZ  :  XP(4)  -  XP(6) 

IDEFPTCZ)  s  77 
HZX  :  8. 

N2Y  r  8. 

N22  s  -1. 

RETURN 

END 


SUBROUTINE  LSHFLP  DEFINES  SEGMENTING  PLANES  SEPARATING  THE  LEFT 
SHOULDER  FLAP  FROM  THE  THORAX. 


SUBROUTINC  LSHFLP 
IMPLICIT  REAL  <H) 

COMMON  /PLANE/  NORM< 3, 3 ) . IDEFPT (3 > . XPITB) . YP( 78> . ZP< 78) 
COMMON  /PLACE/  ICOL 

CQUIUALCNCC  < NORM/ NIX) • (NORM* 2. 1 )/NlY>, (NORM (3/ 1 )/NlZ) 
EOUIUALENCE  (N2X/N0RM(t/2)). ( N2Y/ N0RM(2/ 2 ) ) . (N2Z/ NORM( 3. 2 ) > 


ICOL  :  2 
IDEFPT  (1) 
NORMAL  TO  LT. 
NIX  :  ZP(3) 
NIY  s  8. 

NIZ  r  XP<3) 
IDEFPT (2)  s 
N2X  :  8. 

N2Y  s  8. 

N2Z  :  -1. 

RETURN 

END 


i  3 

SHOULDER  FLAP  PLANE 

-  ZP(5) 

-  XP(3) 

78 


81 


o  u  u  o  u  u  u 


SUBROUTINC  RHFLP  DEFINES  SEGMENTING  PLANCS  SEPARATING  THE  RIGHT  HIP 

flap  from  The  pelois. 


SUBROUTINE  RHPFLP 
IMPLICIT  REAL  <N) 

COMMON  ^PLANE/-  N0RM(3.5).IDEFPT<3).XP(7B).YP(7B).ZPf7B) 
COMMON  ✓PLACED  ICOL 

EOUIUALENCE  ( NORM. NIX ) .  ( NORM (3. 1 ) , Ni Y) .  ( NORTH  3, 1 ) , NIZ) 
ICOL  :  1 
IDErPTCl)  s  53 

NIX  s  ZP(S3)  -  <ZP<34)  ♦  ZP(57))^Z. 

NIY  :  a. 

NIZ  :  (XP(S4)  ♦  XP(57))/a.  -  XP(35) 

RETURN 

END 


SUBROUTINE  LMFLP  DEFINES  SEGMENTING  PLANES  SEPARATING  THE  LEFT  MiP 
FLAP  FROM  THE  PELUIS. 


SUBROUTINC  LHPFLP 
IMPLICIT  REAL  (N) 

COMMON  xPLANEX  NORHO.S). I0EFPT(5>.XP(79>.YPC7B>.ZP(78) 
COMMON  xPLACEx  ICOL 

EOUIUALENCE  (NORM.  NIX),  (NORM (2, t ) ,N1Y). (NORMO, 1 >, NIZ) 
EOUIUALENCE  (N2X.N0RM( 1, 2) ) . ( N2Y, NORMt 2, 2 ) ) , ( N2Z, NORM ( 3. 2 > ) 
ICOL  :  2 
lOEFPT  (1)  s  53 

NIX  s  (ZP(S3)  4  2P(S6))/2.  -  ZP(SS) 

NIY  s  e. 

N12  s  XP<SS)  -  <XP<S3)  ♦  XP<56))x2. 

IDEFPT  (2)  s  SS 
N2X  :  I . 

N2Y  z  e. 

N2Z  :  B. 

RETURN 

END 
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•  SUBROUT  INC  SORTS  CONTROLS  PROCCSSIHS  OF  CROSS  SECTIONS  UHICH  ARC  TO 

C  HAUE  data  POINTS  SCPARATCD  BCTWEEN  CITHCR  OF  THE  SMOULDER  FLAPS 

C  AND  THE  THORAX.  DATA  POINTS  BELONGING  TO  A  SHOULDER  FLAP  ARC 

C  STOPCD  UNTIL  THE  LAST  CROSS  SECTION  OF  THE  THORAX  HAS  BEEN  PRO- 

C  CESSED.  AND  ARC  HRITTEH  OUT  AT  THIS  TIME. 

C 

C 

SUBROUTINE  SORTS 

COnnON^POINTS.'  XtSS)  .  Y(S9>.NPTS.2 
COnHON  /STORCR^  DUMl ( 541 ) . ISCGCT 
COHMON  /place.'  DUH2(496).NPNLS<21>.ISCCT 
CALL  LOOK  tCOLSG) 

IF  (COLSG.CO.0. )  GOTO  ZBO 
ISCGCT  :  ISEGCT  *1 
HRITC  (S.BB)  ISCGCT. NPTS.Z 
WRITE  (5.99)  {X< I ). V( I) . I:1.NPTS) 

IF  ( ISCGCT. EQ. HPHLSC ISECT ) )  CALL  UNSTOR 
RETURN 

zee  CALL  SEP 
RETURN 

as  FORMAT  (lX.Z14,8X.re.Z> 

99  FORMAT  (IX.IZFS.Z) 

END 


C  SUBROUTINE  SORT  CONTROLS  THE  PROCESSING  OF  CROSS  SECTIONS  WHICH  ARC 
C  TO  HAUE  DATA  POINTS  SCPARATCD  BETWEEN  EITHER  OP  THE  HIP  FLAPS  AND 

C  THE  PELUIS.  DATA  POINTS  BELONGING  TO  A  NIP  FLAP  ARE  STORED  UNTIL 

C  A  CROSS  section  UXTH  all  DATA  POINTS  BELONGING  TO  THE  HIP  FLAP  IS 

C  ENCOUNTERED.  AT  THIS  POINT  STORED  HIP  FLAP  POINTS  ARC  WRITTEN  OUT 

C  OUT. 

C 

C 

SUBROUTINE  SORT 
LOGICAL  LSTS6 

COMMON  /PLANE-/  N0RM<  3. 5 ) .  IDCFPT <5 ) .  XYTPIZ34 > .  LSTSG 
COMMON  /POINTS/  X( 99) . Y < 99 ) . NPTS. Z 

COMMON  /STORER/  ISTRPL.  ISTORCC  ZB)  .  XYSTORCZ.  ZSB  )  .  ZSTOR  (  ZB )  >  ISCGCT 
t. ITOTST.NSEGCSIZl ) . ISCC 
COMMON  /PLACE/  IC0L.PD0T(99,5) 

CALL  LOOK  (COLSG) 

IF  (COLSG)  sea.zBB.iBe 

aee  ip  (lstsg)  goto  lee 

LSTSG  :  .TRUE. 

CALL  UNSTOR 

lee  ISEGCT  s  ISEGCT  *l 

WRITE  (5.88)  ISCGCT. NPTS.Z 
WRITE  (5,99)  (X(I).Y(I),  Isl.NPTS) 

RETURN 

zee  CALL  SEP 
RETURN 

88  FORMAT  (tX.ZI4.ax,F8.Z) 

99  FORMAT  (IX.IZFG.Z) 

END 


u  u  u  u  u  u  u 


■  SUIROUTINC  LOOK  CXAHINCS  THC  COLUMN  Of  DOT  PRODUCTS  FOR  P  CROSS 

SeCTtON.  IP  ALL  DOT  PRODUCTS  ARC  POSITIUC  COLSG  IS  RCTURNCD  WITH  A 
POSITZUC  value.  xr  all  are  negative  COLSG  IS  RETURNED  UITH  A 
NEGATIVE  value.  IF  THE  DOT  PRODUCTS  ARC  OF  HIKED  SIGN  COLSG  IS 
RETURNED  AS  0.  DOT  PRODUCTS  OF  VALUE  0  ARE  IGNORED  IN  THIS 
EXAHINATZON. 


SUIROUTINC  LOOK  (COLSG) 
connoN  ^POINTS/'  oundsai.NPTS 
COnnON  /'PLACE/  OUnZ/PDOTCSS) 

COLSG  :  PDOT(l) 

ISTRT  s  2 
10  IF  (NPTS.LT. ISTRT)  RCTURH 

IF  (COLSG. NC. 0. )  GOTO  SO 
COLSG  :  PDOT( ISTRT) 

ISTRT  s  ISTRT  ♦! 

GOTO  10 

SO  DO  100  I:ISTRT/NPTS 

IF  (pdot:i)«colsg  .gc.  0.)  coToiaa 
COLSG  S  0. 

RETURN 

100  CONTINUE 
RETURN 
END 


o  n  n  o  o  # 


SUBROUTINE  SEP  IS  CALLED  FOR  A  CROSS  SECTION  MHICH  HAS  DOT  PRODUCTS 
OF  MIXED  SIGNS.  IT  CONTROLS  THE  STORAGE  OF  DATA  POINTS  YIELDING 
NEGATIUE  DOT  PRODUCTS.  THE  URITING  OF  DATA  POINTS  UITH  POSITIUE 
DOT  PRODUCTS.  AND  THE  CREATION  OF  THO  NEM  DATA  POINTS. 


SUBROUTINE  SEP 
REAL  XYTEMP  (Z.BS) 

LOGICAL  SN6LPT 

COMMON  /'POINTS^  X (  SB )  .  Y (  SB  >  .  NPTS.  Z 
COMMON  /■PLACE/’  ICOL.PDOT(BB.S) 

COMMON  /’STORER/’  ISTRPL.  ISTORE  CZB)  .  XYSTOR  (  SBB)  .  ZSTORt  ZB  >  >  ISEGCT 
ITEMP  s  a 

ISTRPL  s  ISTRPL  ■►1 

IF  ( ISTRPL. GT. 28)  STOP  “ISTOR  AND  ZSTOR  UNDER  DIMENSIONED  IN  FLAP" 
ZSTOR  (ISTRPL)  s  Z 
ISTOREC ISTRPL)  :  B 
SNGLPT  :  .FALSE. 

SIGN  z  PDOT  (1) 

DO  IBB  Isl.NPTS 

IF  (SIGNbP00T(I).0T.8. )  GOTO  SO 
CALL  ADOPT  ( I . ITEMP. XYTEMP) 

SIGN  z  POOT(I) 

SNGLPT  z  .NOT. SNGLPT 
SB  IF  (POOTCD.LT.B.  )  GOTO  73 

CALL  TEMPST  (X(l).  V(I).  ITEMP.  XYTEMP) 

GOTO  laa 

7S  CALL  STORE  (X(I).Y(I)) 

188  CONTINUE 

IF  (SNGLPT)  CALL  ADSPT  ( 1. I TEMP. XYTEMP) 

ISEGCT  s  ISEGCT  «1 

HRITE  (S.88)  ISEGCT. ITEMP. Z 

URITE  (S.BB)  ((XYrCMP(I.J).I:1.2).J:l.ITEMP) 

RETURN 

SB  FORMAT  ( IX. 214. BX. F6. Z) 

BB  FORMAT  (IX. 12F6.2) 

END 
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SUBROUTINE  RDDPT  COMPUTES  THE  COORDINATES  OP  ONE  OF  THE  PAIR  OF 
POINTS  TO  BE  ADDED  TO  A  CROSS  SECTION  UITH  DOT  PRODUCTS  OF  MIXED 
SISNS. 


subroutine  adopt  ( I. ITEMP.XYTEMP) 

IMPLICIT  REAL  fN> 
real  XYTEMP  (198) 

INTECCR  NPTS 

COMMON  /POINTS/  X(99> . Y(99) . NPTS. Z 

COMMON  /PLANE/  NORMC 3. 5 ) . IDEFPT ( S ) . XP< 79 ) , YP< 78 ) . ZP ( 78 ) 
ICOL  :  1 

IF  (Z.LT.ZP(35) )  ICOL  :  2 
Cl  :  X(l) 

C2  :  Yd) 

IF  (I.Ce.l)  GOTO  23 
Bl  :  X(I-l) 

B2  3  Yd-1) 

GOTO  58 
Bl  3  X(NPTS) 

B2  3  Y(NPTS) 

N1  3  NORM  (l.ICOL) 

N2  3  NORM  (2. ICOL) 

N3  3  NORM  (3. ICOL) 

A1  3  XPdDCFPT(  ICOL)  ) 

A2  3  YPdOEFPTdCOL)  ) 

A3  3  ZPdDEFPTdCOD) 

IF  (Bl.EQ.Cl)  GOTO  188 
SLOPE  3  (B2-C2)/(B1*C1) 

XAOO  3  (N3«(A3  -  Zi  *  NlaAl  *  N2a(SL0PE»Bl  «  A2  -  B2>) 
XAOO  3  XAOO/(N1  •  NZaSLOPE) 

YADD  s  slope* (XAOO  -  Bl)  ♦  B2  « 

GOTO  ise 

XAOO  3  Bl 

YAOD  3  (N1«(A1-B1)  *  N3*(A3>Z) )/N2  *  A2 
CALL  TEMPST  (XAOD. YADD. ITEMP. XYTEMP ) 

CALL  STORE  (XAOO. YADD) 

RETURN 


u  u 


SUBROUTINE  STORE  STORES  .^OiNTS  WITH  NEOf-1  IVE  DOT  PRODUCTS  FROr.  H 

CROSS  SECTIONS  HAUING  DOT  PRODUCTS  OF  BOTH  SIGNS. 


subroutine  STORE  (X.Y) 

COMMON  xSTORERx  ISTRPL . ISTORE < 30 ) . XYSTORI 2. 358) . DuM< 21 ) . I TOTST 
ITOTST  r  ITOTST  *1 

IF  ( ITOTST. OT. 250)  STOP  "XYSTOR  UNDER  DIMENSIONED  IN  FLAPS" 

XYSTOR  (1. ITOTST)  :  X 

XYSTOR  (2. ITOTST)  :  Y 

ISTOREt ISTRPL)  s  ISTORE ( ISTRPL )  *1 

RETURN 

END 


C  SUBROUTINE  TEMPST  STORES  DATA  POINTS  YIELDING  POSITIUE  DOT  PRODUCTS 
C  FROM  A  CROSS  SECTION  WITH  DOT  PRODUCTS  OF  MIXED  SIGNS.  THESE 

C  POINTS  ARE  STORED  ONLY  UNTIL  THIS  CROSS  SECTION  HAS  BEEN  COM- 

C  PLETELY  PROCESSED. 

C 

c 

subroutine  TEMPST  i X, Y, ITEMP , XYTEMP ) 
real  XYTEMP  (2.99) 

ITEMP  s  ITEMP  *l 

IF  ( ITEMP. GE. 100)  STOP' xytemP  UNDER  DIMCNSIONED  IN  FLAPS" 

XYTEMP  (1. ITEMP)  s  X 
XYTEMP  <2. ITEMP)  !  Y 
RETURN 
END 
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>  SUBROUTINE  UN5TOR  IS  CALLED  UHCN  A  CROSS  SECTION  MITN  ALL  NEGaTIUE 
C  DOT  PRODUCTS  IS  ENCOUNTERED.  IP  DATA  POINTS  HAUE  BEEN  STORED 

C  THEY  ARE  URITTEN  OUT  BY  UNSTOR.  ALSO  UARIOUS  COUNTERS  ARC  RESET. 

C 

c 

subroutine  UNSTOR 

COnnON  XSTORCR./  1STRPL>  IST0RC(2e>.XYST0R(Z<25e>>ZST0R(ZB)«  ISEOCT. 
tIT0T5T.NSEGCS(21>> ISEG 
CONNON  .'PLACE/'  ICOL 

ISEC  :  ISEG  *t 
NSEGCS(ISEG)  :  ISEOCT 
ISEGCT  :  a 
ISTRT  s  1 
ISTP  s  a 

laa  IP  (ISEGCT. GE.ISTRPL)  GOTO  200 
ISEGCT  :  ISEGCT  +1 
ISTR  :  ISTORE  (ISEOCT) 

WRITE  (S.BB)  ISEOCT. ISTR. 2ST0R  (ISEGCT) 

ISTP  s  ISTP  ♦ISTR 

URITE  (S.SS)  ((XYSTOR(I.J). 1:1.2). JsXSTRT. ISTP) 

ISTRT  :  ISTP  ♦! 

GOTO  lao 

zao  ISTRPL  :  ITOTST  :  0 
ICOL  :  ICOL  ♦! 

RETURN 

88  PORHAT  (tX.2I4.SX.P8.2) 

9S  PORNAT  (1X.12P6.2) 

END 


C  SUBROUTINE  CONPRS  tS  USED  TO  CONBINE  DOT  PRODUCTS  RESULTING  PRON 
C  NORE  than  one  SEGNENTINC  PLANE.  A  1  IS  ASSIGNED  IP  TNE  POINT 

C  BELONGS  either  IN  THE  THORAX  OR  PELUIS.  AND  A  -I  IS  ASSIGNED  IP 

C  THE  POINT  BELONGS  IN  THE  APPROPRIATE  PLAP. 

C 

c 

SUBROUTINE  CONPRS 

CONNON  /PLACE/  ICOL. PDOT (SB. 5 ) 

CONNON  /POINTS/  DUNl ( 1S8 ) . NPTS 
DO  188  I si. NPTS 

IP(PDOT(I. 1) .LT.8. . AND.POOT( 1.2) .LT.8. )  GOTO  75 
PDOT(I.l)  s  1. 

GOTO  188 

75  PDOT  (1,1)  s  -1. 

188  CONTINUE 
RETURN 
END 
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C  PROORrtfl 
C 

c 

C  PROOttPn  POLISH  IS  THC  THIRD  IN  A  StRICS  OP  THRCC  SCOHENTATION 

C  ROUTINCSi  USED  TO  REGROUP  BODY  SURFACE  DESCRIPTION  DATA  POINTS  INTO 

C  DATA  POINTS  DESCRIBING  THE  SURFACE  OF  IS  DIFFERENT  BODY  SEGHENTS. 

C  POLISH  RECEIUES  THE  DATA  OUTPUT  BY  THE  SECOND  RUN  OF  FLAPS.  UHICH 
C  has  the  data  separated  into  TUENTY-ONE  SEGHENTS.  POLISH  PRODUCES  A 
C  HEADING  FOR  THIS  DATA.  COMBINES  THE  SHOULDER  FLAPS  UITH  THE  UPPER 
C  ARM  SEGHENTS.  AND  ADDS  TUO  CROSS  SECTIONS  BETWEEN  THE  THORAX  AND 
C  ABDOMEN  AND  TUO  BETWEEN  THE  ABDOMEN  AND  PELUIS. 

C 

C  POLISH  READS  BODY  SURFACE  DESCRIPTION  DATA  POINTS  FROM  TAPE?.  IT 
C  ALSO  READS  THE  NUMBERS  OF  THE  DATA  SETS  TO  BE  PROCESSED  FROM  TAPES. 

C  ALONG  WITH  THE  NUMBER  OF  CROSS  SECTION  PER  SEGMENT  OF  THC  READ  IN 

C  DATA.  THC  DATA  POINTS  RESULTING  FROM  THC  PROCESSING  OF  POLISH  ARC 
C  WRITTEN  TO  tapes. 


C  COMMON  areas 
C 

C.  .  .^POINTS/’ — data  pertaining  TO  THE  CROSS  SECTION  PRESENTLY  BEING  PRO- 
C  CESSED. 

C  X— X  coordinates  for  all  points  in  THC  CROSS  SECTION. 

C  Y—Y  COORDINATES  FOR  ALL  POINTS  IN  THC  CROSS  SECTION. 

C  NPTS--NUMBCR  OF  DATA  POINTS  IN  THC  CROSS  SECTION. 

C  2— COMMON  2  coordinate  OF  ALL  POINTS  IN  THC  CROSS  SECTION. 

C  JSTP — USED  FOR  COMMUNICATION  BCTUCCN  ENTRY  POINT  COPY  AND  SUBROUTINE 

C  ADOPT. 

C  2LCUCL»C0NTAIN8  THE  2  COORDINATES  OF  THE  TUO  CROSS  SECTIONS  TO  BE 
C  ADDED. 

C 

C.  .  ./’PLACC.^**DATN  TO  KCER  TRACK  OF  SEGMENT  BEING  PROCESSED. 

C  NSCGCS>-NUMBCR  of  cross  SECTIONS  PER  SEGMENT  OF  DATA  READ  IN. 

C  ISEG— NUMBER  OF  THC  SCGMCNT  BEING  PROCESSED. 

C 

C.  .  ..'STORER.^— data  pertaining  TO  THE  STORAGE  OF  DATA  POINTS  BELONGING  TO 
C  THC  SHOULDER  FLAPS. 

c  xystor~xy  coordinates  of  all  stored  data  points. 

C  ZSTOR— Z  COORDINATES  OF  EACH  CROSS  SECTION  WITH  STORED  DATA  POINTS. 

C  NPSTOR— CONTAINS  THC  NUMBER  OF  DATA  POINTS  IN  EACH  STORED  CROSS  SCC- 

C  TION. 

C  IISTRT— THC  NEXT  FREE  CLEMENT  IN  XYSTOR. 

C  IlSTP— THC  NUMBER  OF  CROSS  SECTIONS  STORED. 

C 

C. .  .^FORM/'— FORMATS  USED  BY  SCUCRAL  ROUTINES. 

C 

c 

PROGRAM  POLISH  < INPUT. OUTPUT, TAPE?. TAPES. TAPC3> 

COMMON  ✓POINTSf  XCSS),Y<9S),NPTS,2, JSTP.ZLCWEHZ) 

COMMON  /'PLACE/'  NSCGCSCZl  )  .  ISCO 

COMMON  .'STORER^  XYSTOR(  12B8> .  ZSTORC SS) . NPSTORtBS > .  I ISTRT .  I ISTP 
COMMON  /FORM/  NINC(Z> > CIGHTC Z ) 

DATA  nine  /IBHdX.ZIA.BX.SH.FB.ZI/.  CI0HT/1BH( IX. IZFS. Z. IN > / 


READ  0.11)  ISTRT. tSTP. INC 
DO  taae  isuaxisTRT.isTp.iNC 


r 


ISCG  :  e 

riSTRT  :  IISTP  :  1 
WRITE  (5.0B)  ISUB 
READ  0.09)  NSCGCS 


CALL 

LABEL 

CALL 

LHARX 

CALL 

SKIP 

t3) 

CALL 

STORE 

(2) 

CALL 

ADDPL 

call 

STORE 

t2) 

IISTRT  :  I 

ISTP 

CALL 

COMB 

(4) 

CALl 

SKIP 

(2) 

call 

COMB 

«5) 

CALL 

SKIP 

(2) 

CALL 

COMB 

(8) 

CALL 

SKIP 

<31 

CALL 

COMB 

(9) 

CALL 

SKIP 

<31 

ENDFILE  5 

laee  continue 

STOP  "rROn  POLISH" 

11  rORMAT  «3I5) 

88  PORHAT  (■1«.31X.»SUBJECT  NUnBER«.I3) 

99  FORHAT  (4X. 21131 

END 
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subroutine  LMARK  reads  in  the  landmark  coordinates,  and  writes  Them 

BACK  OUT  WITH  NAMES.  ADDITIONALITY  IT  STORES  THE  Z  COORDINATES  Or 
LANDMARKS  7  AND  52,  WnlCH  DEFINE  THE  SEPARATION  BETwCEn  ThL  TkOPAX 
AND  abdomen,  and  abdomen  and  PELUIS  RESPECTIVELY. 


SUBROUTINE  LM^RK 

COMMON  XPOINTSX  DUMC201 ) . 2LELCL(2J 
DIMENSION  lnARK(2),CARDl4),LMKNMi2, 
data  lnARKx7,52,' 

DATA<  tLMKNMl  I  .  J  i  ,  1  =  1.  ,  2  ;  .  J  ;  i. ,  26  >  / 
i.  10HNUCMALE  ,  10H 

ii  IOHLEFT  ACROM.  10HIALE 

i  leHLEFT  POS  S,10HCYe 

i  10H10TH  RIBMI , 10HDSPINE 

t  10HL  MED  MUM  . 10HEPICCN 

I  leHL  LAT  HUM  , i0HEPICON 

V  leHLEFT  OLECR> IBHANON 

^  leHLEFT  RADIA, leHLC 

i  10ML  gluteal  , 10MFOLD 

i  10ML  ULNAR  ST,X0HrLOID 

s  10HL  Radial  s,ieHTVLOiD 

I  10HL  metacarp, 10HALE  II 

L  10ML  METACARP. 10MALEIII 

OnT A( (LMKNMf I,J),I=l#2),ri27,S2)  x 
I  10HL  METACARP , 10HALC  U 

£  laHLEFT  OAC"^Y,  laHLlON 

a.  leML  POS  CALC,  10HANEUS 

b  leHHEAD  CIRC  .  10H 

i  10HL  INFRAORB, 10HITALC 

b  10HLEFT  TRAGI, 10MON 

b  leHLEFT  GONIO,ieHN 

I  i0MMio  thyroi,i0mo  cart 

b  10HRIGHT  CLAU, 10HICALE 

b  leHLEFT  ANT  S, 10HCYC 

b  laHLEFT  SUSTP, i0MOlNT 

b  IOHLEFT  10TH  . 10HPIS 

b  I0HL  ILIOCRIS, 10HTALE 

DATA< (LMKNM< I,J).l5l,2),Js53,77)  ✓ 

I  leMLEFT  ASIS  . i0H 

b  10HSYMPHYSION,  10H 

i  I0MR  TROCMANT . iBHERION 

b  10MR  LAT  FEM  I0MCONDYL 

L  10HR  MED  FEM  , iOHCONDYL 

b  leHRIGHT  TIBI,ieHAL£ 

b  L0HRIGHT  FIBU, lOMLARE 

b  10HR  LAT  MALL, 10HEOLUS 

b  lOHRlGHT  SPHY,I0HRXON 

b  10HR  METATARS, I0HAL  I 

b  10HR  metatars, iOMAL  U 

b  iOHRIGHT  TOE  ,10MII 

b  I0HC42  *  43)x, 10HZ 

ICNT  =  1 
DO  100  1=1,76 

IF  (I.EO. IMARKIICNT) )  GOTO  75 
READ  (7,99)  CARD 

WRITE  (5-  66 )  CARD(  1 ) -  f  LMKNMC J,  I )  • Ji 
GOTO  100 

READ  (7,98)  II,X, Y,rLEUEL( ICNT) 
WRITE  t5'77)  II, fLMKNM( J, I >, J=l,2), 
ICNT  :  ICNT 
CONTINUE 


• 10«CERu!CAlE  , 
, 10HRIGHT  aCRO, 
, 10MRIGHT  POS  , 
,  laHPos  SUP 
,10MR  MED  HUM  , 
, 10WR  LAT  HUM  , 
,10MRIGMT  OLEC, 
, 10HRIGHT  RADI  , 
, 10HR  GLUTEAL  - 
. leHR  ulnar  sy . 
, 10MR  radial  S 
. 10HR  METACARP, 
,10MR  METACARP, 

. leHR  METACARF, 
,10HRIGHT  DaCT. 
,  10MR  POS  CALC  . 
,10HSCLLXON  , 
,18HR  infraorb, 
,10MRIGhT  TRAG, 
,  19MRIGHT  GONI  , 
,10MLEFT  CLAUI, 
, 10MSUPRASTERN, 
, 10WRIGNT  ant  . 
, I0HRIOHT  BUST, 
, lOHRIGHT  10TK. 
,10HR  ILIOCRIS, 

, 10HRIGHT  ASIS, 

,10HL  TROCHANT 

fiOHL  LAT  FEM  - 
, 10ML  MED  FEM  , 
, IOHLEFT  TIBIA, 
. 10HLEFT  riBUL. 
, 10HL  LAT  HALL, 
•leHLEFT  SPHYR, 
,10HL  metatars, 
, 10HL  METATARS, 
, IOHLEFT  TOE  I, 
, 10HCROTCH  SEN, 


i0H 

10MMI ale 

10HSCYE 

10M1AC  MS 

IBHEPICCm 

10HEPICCN 

10MRANON 

10HALE 

10HFOLD 

IPMYLOID 

ieHTYL.01 

IOHAuE  J) 

IBMALEI I  I 

i shale  u 

I 0HYL ION 
10HANEUS 
10H 

10HITALE 

10MION 

10MON 

IBMCALE 

iohale 

10MSCYF 
10MPOINT 
rOH  Ris 
lOHTALS 

10H 

ittHERin- 

lOMCONDT^ 

10HCONDVL 

i0HLE 

IBHARE 

10KEOLUS 

10HION 

10MAL  I 

IBHAL  U 

i0m: 

10H5OR 


=  1.2).  (CARD(.  J  >  ,  J  =  2. 4  ) 


X, Y, ZLEUEL ( ICNT ) 
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noon 


READ  (7,77) 

READ  (7,77> 

RETURN 

66  rORMAT  (AS.SX.SAIO) 

77  roRfiAT  ( is> 5x. zAie. arie. Z) 

88  roRNAT  (is.arie.z) 

99  rORMAT  (AS.SAIB) 

END 


subroutine  skip  is  used  to  skip  ouer  nsec  segments  which  require 

NO  PROCESSING. 


subroutine  SKIP  (NSEC) 

COHHON  XPOINTS^-  X(99).V<99).NPTS.Z.  JSTP 
COHHON  /PLACE>'  NSEGCSCZD.ISEG 
COMMON  /TORM  /  NINE ( Z )• EIGHT ( Z ) 

JSTRT  s  1 
GOTO  18 
ENTRY  COPY 
JSTRT  :  NSEG  *\ 

NSEG  si 

18  DO  188  1:1. NSEG 

ISEG  :  ISEG  *1 

JSTP  :  JSTRT  ♦  NSEGCS(ISEG)  -1 
58  DO  188  J  :  JSTRT, JSTP 

READ  (7, NINE)  IPUANE.NPTS.Z 

WRITE  (5. NINE)  J.NPTS.Z 

READ  <7, EIGHT)  < X ( I I ) . Y< I I ) . I 1 : 1 , NPTS) 

WRITE  (5. EIGHT)  < X t I I ) , Y ( I I ) , Ils 1 . NPTS ) 

188  continue 
return 

END 
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A0-A114  916 

UNCLASSIFIED 


DAYTON  UNIV  OH  RESEARCH  INST 
SEGMENTATION  AND  ANALYSIS  OF  STEREOPHOTOwETRIC 
APR  d?  L  D  BAUGHMAN 
UOP-TR-81-51 


P/S  6/2 

BODY  SURFACE  OAT— ETC  (U) 
F33615-79-C-0504 
NL 


AFAMRL-TR-61-96 


ADA 
I  14  916 


nnnn  onn 


■  SUBROUTINE  LABEL  WRITES  OUT  SEGNENT  NAtlES  AND  THE  NUNBER  Or  CROSS 
sections  per  segment  after  processing  ar  polish. 


subroutine  label 
connON  /PLACED  nsegcscbd 

DIMENSION  SEONM(19> 

data  SEGNM  /4HHEAD<4HNCCK>6HTH0RAX.7HABD0MCN>6MPCLUIS>6HR  flap.shl 
B  flap.shru  ARM.SHRF  ARM.SHR  HANO.SHLU  ARM.SHCF  ARM.SHL  hand> 

BTMR  THI-r.SHR  CAur.SHR  FOOT.THL  TH1-F.6HL  CAUF.6ML  FOOT  / 

CALL  WRTR  (  1,  SEGNM) 

WRITE  (3.99)  SEONnO).NSEaCSO  )  *1 
WRITE  (9.99)  SEGNM(4) .NSEGCS(6  >  *Z 
WRITE  (3.99)  SEGNH(9).NSEGCS(7  )  *1 
WRITE  (3.99)  S£GNM(a).NSCGCS(ia)  *  NSCGCS(4) 

CALL  WRTR  (  9. IB. 2. SEGNM) 

WRITE  (3.99)  SEGNMdD.NSEGCSda)  *  NSEGCS(3) 
call  WRTR  (12. 13. 2. SEGNM) 

WRITE  (3.99)  SCaNH(6).NSCaCS(a  ) 

CALL  WRTR  (14. la. 2. SEGNM) 

WRITE  (3.99)  SEGNMCT) .NSEGCS(9  > 

CALL  WRTR  (17. 19. 2. SEGNM) 

RETURN 

9  FORMAT  (A13.11S) 

END 


SUBROUTINE  WRTR  IS  CALLED  BY  LABEL  TO  WRITE  OUT  THE  NAME  OF  AND  NUM¬ 
BER  OF  CROSS  sections  PER  SEGMENT  FOR  SEGMENTS  ISTRT  THROUGH  ISTP. 


SUBROUTINE  WRTR  ( ISTRT. ISTP. lOFF . SEGNM) 
COMMON  .'PLACE.'  NSEQCS(21) 

DIMENSION  SEGNM  (19) 

DO  laa  I  s  ISTRT. ISTP 

laa  WRITE  (9.99)  SEGNM(I>.NSEGCS(I  ♦  lOFF) 
RETURN 

99  FORMAT  (AIS.IIS) 

END 
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•  SuSWOUTInC  STORC  ZS  CALLCD  to  store  Oata  points  BEiONGInG  to  tmc 
C  SMOUuOCR  rtAPS. 

c 

SUBROUTINE  STORE  CNSEOJ 

COfnnOH  ^STORER/  yVSTOR^  I23e  )  .  ZSTORt  35?  -NPSTORf  35)  .  IlSTRT*  iPtSTft 

CO^nOH  /PLACE-  NSCGCSf 31 ) • ISCO 

cunf^oN  /ro«n/  nine  t a )  /  ciGMTca  j 

HPL  t  IPlSTR  -1 

00  iQQ  1  z  I.NSEG 

’vsca  ^  rsEG  *i 

leo  NP'.  5  HPL  ♦  NSEGCSnSEG) 

ir  <NPL.G7.35)  STOP  "Z^TOR  AND  NPSTOR  UNDER  DIMENSIONED  IN  POLISM" 
00  200  I  =  IPLSTR.NPL 

READ  ;7.n:nEJ  IPt. NPSrORf I ) - 2ST0R( I i 
::sTp  t  iistrt  *►  2*npstorci>  -i 

ir  i I :sTP- GT , i20o j  stop  -nystor  under  dimehsidned  in  polish- 

read  iT.ClGHTl  tXYSTORtin.Ii  i  IISTRT.  XISTP) 

200  iistrt  =  IISTP  *1 
IPLSTR  ;  NPl  +l 
RETURN 
END 


C  SjfiROUTiNC  COMB  COMBINES  THE  CROSS  SECTIONS  Or  A  SMOULDER  TlAP  WITm 
C  twE  aPPROPIATC  upper  ARn  SEGMENT. 


SUBROUTINE  COMB  <ISEG) 

COMMON  xPLACC'-  NSCCCS<21) 

COMMON  /STORER^  XYSTORi 1200) . 25T0«( 35 ) . NPST0RO5 ; . JPLSTR. IPTSTP 
COMMON  yro9n^  ninE(2) • Eight t2) 

NPL  NSCGCS(ISEC) 

DO  100  I  ;  l.NPL 
NPTS  =  NPSTORt IPLSTR ) 

HPKE  CS.NINET  I*  NPTS.  CSTOR'x  I PlSTr\ 

[PTSTP  =  IPTSTR  *  2«HPrs  -I 

WRITE  <5. EIGHT)  iXYSTORt II 1 • II-IPTSTR. :FVSTP) 

:pl$tp  =  iplstr  *1 

100  :pT3TR  s  TPTSTP 

ir  ilSEO.LT.e?  call  copy  iNPL^ 

return 

END 
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■  SUBROUINC  AODPL  CONTROLS  THC  CRCATION  OP  2  NCU  CROSS  SECTIONS  AND 
C  THEIR  URITING  OUT. 

C 

c 

SUBROUTINE  AODPL 

connoN  ^POINTS^  xos) .  vos  i .  npts.  2.  ipnl.zleuelcz) 

COnnON  ^FORn^  NINE<2).E2GmT(2) 

DINENSION  XZ(7S) . Y2(7S1 ■ A( 7S) . B( 73) 

DO  lea  I  :  1.2 

READ  (7, NINE)  IPL.NP2.Z2 

READ  (7. EIGHT)  ( X2 ( 1 1 ) . rZ ( 1 1 ) . 1 1 : 1 . NP2 ) 

JSTP  5  NP2X6 

IF  (  6»JSTP.LT.NP2)  JSTP  :  JSTP  ♦! 

JSTP  s  JSTP  ♦! 

DO  SB  J:1.JSTP 
BACKSPACE  7 

SB  continue 

CALL  INTPNL  ( X. Y . Z . NPTS . X2 . Y2 . Z2 . NP2 . A. B. ZLEUEL ( 1 ) . NPAB ) 

WRITE  (3. NINE)  IPNL  «1.NPAB.ZLEUEL(I) 

WRITE  (3. EIGHT)  ( A( 1 1 ) . B ( 1 1 ) . 1 1 : 1 > NPAB ) 

WRITE  C3.NINE  )  IPL.HPAB.ZLEUELd) 

WRITE  (3. EIGHT)  ( A( 1 1 ) . B< 1 1 ) . 1 1 : 1 . NPAB > 

CALL  COPY  CIPL) 

IBB  CONTINUE 
RETURN 
END 


C  subroutine  INTPNL  CONTROLS  THE  CREATION  OF  A  CROSS  SECTION.  THE 
C  CROSS  SECTION  IHNEOIATELY  ABOUE  THE  ONE  BEING  CREATED  IS  DESCRIBED 

C  BY  THE  FIRST  FOUR  PARANETERS.  THE  ONE  IHHEDIATELY  BELOW  IS 

C  DESCRIBED  BY  THE  NEXT  FOUR  PARAMETERS. 

C 

C 

SUBROUTINE  INTPNL  ( X 1 . Y1 . Z1 > NPl . X2. Y2. ZZ. NP2. A1 . B1 . ZAB. NPAB ) 
DIMENSION  XI <NP1 ) . Yl <NPl ) . XZ(NPZ) . Y2(NP2> . At  09) , B1 C99>  > 

SBZOS) .  ANGl  (  198) .  RADI  ( 198)  ■  ANG2 1 198 ) .  RADZ  ( 198 )  .  THTA  (  99  ) 

DATA  TU0PI.'6.2831093B8^ 

CALL  WEIGHT  (Z1.Z2.ZAB.HT1.WT2) 

XB  :  YB  :  8. 

CALL  SUMXY  (Xl.Yl.NPl.XB.YB.WTl.'FLOATCNPl)) 

CALL  SUMXY ( XZ. YZ>  NPZ. XB. YB. WTZ^FLOATCNPZ) ) 

NPAB  =  IFIX(HT1»FL0AT<NP1 )  ♦  HTZ*FLOAT ( NPZ )  ♦  .3) 

CALL  POLAR  (X1.Y1.XB.Y8.NP1.ANG1(3B>.RA01<S8>) 

CALL  POLAR  (X2.YZ.X8.YB.NP2.ANGZ(3B>.RAD2(SB)> 

THTA  (1)  :  HT1*AN01(3B>  *  UTZ«AN6ZC3B) 

RINC  :  TWOP I /'FLOAT  (NPAB) 

DO  IB  I  :  2. NPAB 
IB  THTAd)  s  THTAd-l)  ♦  RINC 

CALL  INTER  ( ANGl . RADI > NPl . THTA. B1 > NPAB) 

CALL  INTER  ( ANGZ. RA02. NPZ. THTA. BZ. NPAB ) 

DO  IBB  I  si. NPAB 

188  Bid)  s  WTlaBld)  ♦  HTZ«BZd) 

CALL  RECT  (THTA. Bl.Al. NPAB. XB.YB) 

return 

END 
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«  SUMOUTINC  MCIOHT  COMPUTGS  UCZCHT  factors  to  BC  used  in  klClGKTCD 
AUCRAGES  for  cross  SECTION  CREATION. 


subroutine  UCIGHT  (21 . ZZ. ZAB> UTl. MT2 > 

WTl  s  21  -  ZZ 

UTZ  ;  (Z1  -  ZAB)/WT1 

WTl  $  (ZAB  -  ZZI/’UTl 

RETURN 

END 


SUBROUTINE  SUdXY  ADDS  X  AND  Y  TO  XB  AND  Ye>  RESRECTIUELY  WITH  A 
WEIGHT  FACTOR. 


SUBROUTINE  SUNXY  ( X. Y . N. XB. YB. WT > 
OINENSION  X<N).Y(H1 
DO  IBB  I  :  l.N 
XB  :  XB  *  WTaxil) 

IBB  YB  -  YB  «  UT*Y(I> 

RETURN 

END 
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•  SUMOUTXNC  POUAM  COMPUTCS  the  polar  coordinates  or  EACH  X,Y  PAIR  IN 
C  PARAHETCRS  X  AND  Y.  RELATIUE  TO  THE  PARAriCTERS  X8>yR.  IT  ALSO 

C  ORDERS  the  RESULTINQ  POLAR  COORDINATES  BY  ASCENDING  ANGLE.  AND 
C  REHOUES  ANY  POINT  THAT  IS  A  DUPLICATE. 

C 

c 

SUBROUTINE  POLAR  (X. Y. XB. YB. N. ANG.RAD) 

DIHENSION  X(N). Y(N). ANO(SS>.RAO(9S>. IR(99> 

DATA  TU0PI/6.2B31BS3BB.' 

DO  IB  t:l.N 

XP  :  X  ( I )  -  XB 

YP  s  Yd)  -  YB 

RAD(I)  :  SORTtXPaAE  *  YP»a2) 

IP  (RADCI)  .EO.B.)  STOP  "RADIUS  OP  LENGTH  B.  IN  POLAR" 

ANGd)  :  ATAN2(YP.XP) 

IB  IR(I)  3  I 

C 

C  subroutines  USRTR  and  USTRU  are  porn  the  inSL  library,  and  used  TO 
C  ORDER  the  resulting  POLAR  COORDINATES. 

CALL  USRTR  <ANG>N. IR) 

CALL  USRTU  ( RAD. 1 . 1 . N. B. IR. MX ) 

ISTRT  s  1 

ANGLST  :  ANG<N>  -  TNOPX 
SB  DO  IBB  IsISTRT.H 

IP  ( ANG Cl >.£0. ANGLST)  GOTO  2BB 
IBB  ANGLST  :  ANGd) 

RETURN 

2BS  ISTRT  :  I 

N  :  H  -I 

IP  (ISTRT. GT.N)  RETURN 
DO  3BB  Is ISTRT. N 
ANGd)  s  ANGCtPl) 

3BS  RADCI)  s  RADCIPI) 

GOTO  SB 
END 


nono  non  nooono 


«  SUBROUTINC  inter  extends  the  ROLAR  data  points  1^2  PERIOD  TO  THE 
lept  and  right,  it  then  pits  a  spline  to  these  data  points,  and 

EVALUATES  IT  AT  THE  ANGLES  SPECIPIED  IN  PARAHETER  THTa.  THE  RE¬ 
SULTS  ARE  CONVERTED  TO  RECTILINEAR  COORDINATES  AND  RETURNED  IN 
parameters  a  AND  B. 


SUBROUTINE  INTER  ( ANG.RAO. HP. THTA. B.NPABI 

DIMENSION  ANG(IS8).RA0( t9e).THTA(NPA8>.B(NPAB).C(197.3>.BPAR(4) 
DATA  TUOPI/6, 283183388.'.  IC.' 1 97X 
ISTRT  :  SB  *  NP 
ISTP  :  ISTRT  ♦  NP.’S 
DO  188  I  :  ISTRT. ISTP 
ANG(I)  :  ANG(I-NP)  *  TUOPt 
88  RAD(I)  :  RAD(l-NP) 

ISTRT  :  58  -  NP  •  ISTP  -  ISTRT  ♦  1 
DO  118  IsISTRT.AS 
ANG(I)  s  ANG(I*NP)  -  TUOPt 
18  RAOCI)  r  RAO(l*NP> 

ISTP  s  ISTRT  ♦  2«NP  -1 

CALL  OERIV  <ANG(ISTRT).RA0( 1STRTI.2aNP,PPX1.PPxN> 

BPAR(l)  =  BPARO)  :  1. 

BPAR<2)  :  6.*(RAD(lSTRT«t)  -  RAO( ISTRT) >/ 

S  ( ANG( ISTRT^I )  -  ANG( ISTRTI )«>2  -  PPXl 

BPAR(4)  :  (S.aPPXN  -  RAD<1STP>  *  RADdSTP  -l>)x 
S  (ANGCtSTP)  -  ANGtlSTP  -1>) 

subroutines  ICSICU  and  ICSEVU  ARE  PROM  THE  IMSL  LIBRARY.  AND  ARE 
USED  TO  PIT  AND  EVALUATE  THE  SPLINE. 

CALL  ICSICU  (ANG(ISTRT).RA0<tSTRT).NPa2.BPAR.C.lC.JCR) 

CALL  ICSEVU  (AN0(lSTRT).RA0(tSTRT>.NP*2.C.IC.THTA.B.NPAB> 

return 

END 


subroutine  RECT  converts  the  polar  coordinate  pairs  (THTA. 8)  TO 

rectilinear  coordinate  pairs  (A.B)  relative  to  (X8.Y8). 


SUBROUTINE  RECT  < THTA. B. A. NPA8. X8. YB) 
DIMENSION  THTACNPAB) . B( HPAB ) . A( NPAB > 
DO  188  Ixl.NPAB 
A(I)  :  BdlaCOSITHTAdl)  *  X8 
188  B(I)  :  Bd>«SIN(THTAd))  *  Y8 

return 

END 
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r 

!  t 


•  SUBROuTINC 
rtiue  or 


DCRIO  IS  CAtLCO  BY  inter  TO  SuRRLY  OALUCS  rOR  TNC  DCRIO> 
the  SRUIHC  at  ITS  CND  POINTS. 


SUBROUTINE  DCRIU  ( X. Y> HP. rpxi , rpxN) 
dimension  x<NPi.y(NP> 
data  TU0PI<'6.Z83tBS3«e/ 

XB  s  XCNP/Z)  -  TUOPl 
YB  s  Y(NP/2) 

call  rp  (XB. YB. X( t )• Y( 1 > .X(2> . Y(2>.rPXl ) 

X0  r  X(NP^2  ♦  1)  *  THOPI 
YB  :  Y<NP/'2  ♦  IJ 

CALL  FP  ( X(NP-1 > . Y(NP-t ) . X(NP) . Y(NP) .XB. YO.rPXN> 

RETURN 

END 


SUBROUTINE  rp  IS  USED  TO  CALCULATE  THE  OERIUATIUE  OF  THE  PARABOLA 
PASSINO  THROUGH  (Xl.Yl).  (X2.Y2>.  AND  (X3.Y3>.  EUALUATED  AT 
(X2.Y2). 


subroutine  rp  (x1.v1.x2.Y2.x3.T3.rpx2> 

DENI  :  (Xl-X2>  •  (X1-X3) 

DENZ  s  (X2*X1)  a  (X2-X3> 

DCN3  s  <X3-X1)  •  <X3-X2) 

rPx2  s  2aX2  a  (Yl/OCNl  *  YZ/'DCNZ  ■*  Y3^DCN3> 
rPX2  s  rPX2  *  (X2  ♦  X3)aYl/DCNl  -  (XI  ♦  X3>aY2/’DEN2 
t  >  (XI  «  X2)aY3/0CN3 

RETURN 
END 
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APPENDIX  G 

SAMPLE  OF  DATA  PRODUCED  BY  SEGMENTATION  ROUTINES 


This  appendix  lists  the  final  output  of  the  segmentation  rou¬ 
tines  (i.e.,  the  output  of  program  POLISH)  for  the  eleventh  data  set. 
This  illustrates  the  header  produced  by  program  POLISH,  as  well  as 
the  cross  section  format  used  for  the  stereophotometric  data. 

The  first  line  of  each  of  these  data  sets  gives  the  number 
associated  with  the  subject  for  which  the  data  was  prepared.  The 
next  19  lines  give  the  number  of  cross  sections  each  segment  contains. 
These  19  lines  also  reflect  the  order  in  which  cross  section  data  are 
arranged  (i.e.,  cross  sections  with  data  points  belonging  to  the  head 
first,  followed  by  cross  sections  associated  with  the  neck,  etc.). 

The  76  lines  following  list  the  landmark  points  and  their  locations. 
These  locations  are  relative  to  the  axis  system  used  by  TIRR  (Z  upward, 
X  and  Y  approximately  to  the  subject's  right  and  front,  respectively, 
and  coordinates  measured  in  centimeters) . 

The  lines  mentioned  above  form  the  header  produced  by  program 
POLISH.  Following  these  lines  is  the  body  of  the  data  consisting  of 
the  body  surface  data  points,  listed  by  cross  section.  The  format 
used  for  this  portion  of  the  data  set  is  consistent  between  the  TIRR 
data,  and  the  data  output  at  each  stage  of  segmentation.  As  mentioned, 
the  body  surface  data  points  are  grouped  by  horizontal  cross  section. 
The  first  line  for  each  set  of  data  describing  a  cross  section  gives 
the  cross  section  number,  nvunber  of  data  points  in  the  cross  section, 
and  common  Z  coordinate  of  all  data  points  in  the  cross  section  (in 
that  order) .  After  this  line  follows  the  X,  Y  coordinates  of  all  data 
points  in  the  cross  section,  with  up  to  six  X,  Y  pairs  per  line.  As 
with  the  landmarks  the  coordinates  of  the  data  points  are  relative  to 
the  axis  system  used  by  TIRR. 


100 


63 

RIOHT  TIBIALC 

52.90 

-4.  19 

44.28 

64 

LEFT  FIBULARE 

32.03 

-8.80 

44.31 

65 

RZOHT  FZBULARE 

62.95 

-6.09 

44.53 

66 

L  LAT  MALLEOLUS 

31.45 

-8.81 

7.24 

67 

R  LAT  MALLEOLUS 

62.41 

-9.72 

7.88 

68 

LEFT  SPHYRZON 

37.29 

-4.76 

6.71 

69 

RZQHT  SPHYRZON 

56.34 

-5.99 

6.31 

70 

L  metatarsal  Z 

38.23 

5.57 

2.33 

71 

R  metatarsal  Z 

56.79 

5.31 

2.27 

72 

L  METATARSAL  U 

29.82 

3.36 

.98 

73 

R  METATARSAL  U 

65.63 

2.22 

.68 

74 

LEFT  TOE  ZZ 

34.20 

11.78 

.  12 

75 

RZOHT  TOE  ZZ 

61.01 

11.09 

.40 

76 

1 

47.58 

CROTCH  SENSOR 

1  173.87 

1.31 

47.49 

2.24 

79.20 

-7.72  47.08  -7.84  40.87 
1.83  49.62  2.86  48.34 

.75 

-0.28  45.93  -9.48  48.28 
-5.73  53.46  -5.33  53.45 
5.55  46.46  5.61  44.16 


-7.96  43.63 
-7.50  54.49 
6.06  40.37 
-.22  39.78 

-7.79  42.10 
-9.68  53.72 
1.29  54.87 

а.  at  44.77 
-.17  39.08 

-9.85  44.85- 
-8.11  54.94 
1.29  54.42 
0.18  43.63 
.44  38.87 

-6.95  41.45 
-9.80  53.86 
-.87  55.08 
7.14  47.89 

б. 44  48.60 


-9.79 
-6.  15 

7.21 
-.79 

-9.25 

-8.49 
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66 

36. 

,51 

-4. 

69 

34.87 

-4. 

16 

32. 

98 

-4. 

,36 

31. 

52 

-5. 

38 

38. 

13 

-7. 

,89 

29. 

.94 

-7. 

83 

13 

17 

23. 

.98 

38.  17 

-18. 

96 

31. 

86-12. 

.84 

32. 

.34-13. 

.92 

34. 

.88-14. 

.58 

36. 

.88-14. 

59 

38. 

.85-13. 

76 

39.46 

-12. 

41 

48. 

11-10. 

.86 

48. 

.36-18. 

22 

40, 

26 

-7. 

66 

38. 

,96 

-6. 

83 

37. 

.23 

-4. 

90 

35.21 

-4. 

24 

33. 

80 

-4, 

.30 

32. 

.18 

-4. 

87 

38. 

,58 

-6. 

33 

38. 

.09 

-7. 

56 

14 

IS 

21. 

.95 

38.42 

-11. 

87 

31. 

21-12. 

.71 

33. 

.31-13. 

.96 

34. 

.87-14. 

,  15 

36. 

.58-13. 

73 

38. 

.00-12. 

87 

39.47 

-11. 

11 

39. 

79-18. 

.  18 

.83 

-0. 

.83 

38. 

.49 

-6. 

.42 

36. 

.42 

-4. 

68 

33. 

.92 

-4. 

37 

32.66 

-4. 

88 

31. 

16 

-5. 

.87 

30. 

.51 

-7, 

IS 

15 

IS 

19. 

.92 

38.69 

-11. 

16 

31. 

48-12. 

.46 

32. 

.91-13, 

.38 

34, 

.54-13. 

.55 

36. 

.47-13. 

17 

38. 

.00-12. 

12 

39.84 

-18. 

71 

39. 

27 

-9. 

.99 

39. 

.38 

-6, 

.  IS 

38. 

.85 

-6. 

.57 

36. 

.58 

-5. 

17 

34. 

,65 

-4. 

58 

32.88 

-4. 

87 

31. 

53 

-5. 

.81 

30. 

.71 

-7. 

.13 

16 

14 

17. 

.94 

31.88 

-18. 

87 

31. 

85-12. 

.57 

33. 

.51- 

■13. 

.86 

35. 

.72-12. 

,98 

37. 

.38-12. 

27 

38. 

,35-11. 

21 

38.68 

-18. 

85 

38. 

65 

-8. 

.88 

36. 

.92 

-5. 

.58 

33. 

.97 

-4, 

.68 

32. 

.62 

-5. 

08 

31. 

.54 

-5. 

96 

31.14 

-6. 

56 

31. 

14 

-6. 

.56 

17 

14 

IS. 

.95 

31.35 

-18. 

44 

31. 

93-11. 

.86 

33. 

.43-12. 

.62 

35. 

.26-12. 

.65 

37, 

.33-11. 

86 

38. 

,  19-18. 

,41 

38.45 

-9. 

77 

30. 

20 

-7. 

.67 

37. 

.62 

-6. 

.33 

36. 

.  13 

-5. 

23 

34. 

.38 

-4. 

64 

32. 

.75 

•4. 

92 

31.68 

-5. 

83 

31. 

43 

-6. 

.41 

18 

14 

13. 

.99 

31.87 

-18. 

69 

32. 

25-11. 

.68 

34. 

.48-12. 

.61 

35. 

.93-12. 

.28 

37, 

.21-11. 

56 

37, 

.79-10. 

,70 

37.95 

-9. 

94 

38. 

89 

-7. 

.39 

37, 

.22 

-5, 

.89 

34. 

,74 

•4, 

.38 

33. 

,17 

-4. 

57 

32. 

.04 

-5. 

46 

31.68 

-6. 

12 

31. 

68 

-6. 

.34 

19 

14 

11. 

.98 

32.86 

-18. 

33 

32. 

78-11. 

.31 

33. 

.88-12. 

IS 

35. 

.18-12. 

.  14 

36. 

,39-11. 

41 

36. 

.75-11. 

22 

37.54 

-18. 

88 

37. 

76 

-7. 

.13 

37. 

,88 

-5. 

57 

35. 

.16 

-4. 

85 

34. 

.80 

-4. 

13 

32. 

.00 

-4. 

76 

32.81 

-5. 

88 

31. 

77 

-6. 

.46 

28 

16 

9. 

.95 

31.67 

-9. 

83 

32. 

27-18. 

.23 

33. 

,  12-18, 

,97 

33. 

96-12. 

89 

35. 

38-11. 

94 

36. 

.58-10. 

95 

37.53 

-0. 

91 

37. 

77 

-7. 

.77 

37, 

,73 

-6. 

,84 

37. 

18 

-5. 

15 

36. 

.22 

-3. 

87 

34. 

.86 

-3. 

58 

33.28 

-3. 

84 

32. 

89 

-5. 

.27 

31. 

.66 

-6. 

,23 

31. 

68 

-6. 

.71 

21 

17 

7. 

.96 

31.48 

-8. 

.84 

32. 

43 

-9. 

.94 

33. 

.38-18. 

.76 

33. 

.97-12. 

,  17 

35. 

.25-12. 

11 

36. 

.  14-10. 

82 

36.91 

-9. 

82 

37. 

59 

-7. 

,57 

37. 

,88 

-6. 

89 

37. 

91 

-5. 

86 

37. 

,31 

-4. 

38 

36. 

,08 

-3. 

18 

34.26 

-2. 

65 

32. 

62 

-3. 

.55 

31. 

,72 

-5. 

,  10 

31. 

.31 

-6. 

,77 

31. 

,20 

-7. 

29 

1 

18 

5. 

.96 

31.51 

-8. 

96 

32. 

48 

-9. 

.94 

33. 

.51-11. 

.48 

34. 

.54-11. 

.96 

35. 

.91-11. 

21 

36. 

.67 

-9. 

39 

37.41 

-7. 

93 

F- 

63 

-7. 

.29 

37, 

,74 

-4. 

.73 

37, 

.46 

-3. 

02 

37, 

.05 

-X. 

25 

35, 

.94 

11 

34.62 

73 

33. 

44 

.32 

32. 

,57 

-1. 

,27 

31. 

.85 

-3. 

.84 

31. 

.66 

-4. 

57 

31. 

,57 

-si 

70 

2 

17 

3i 

.96 

31.48 

-8. 

98 

32. 

26-11. 

.87 

33, 

.40-12. 

82 

35. 

.22-12. 

81 

36. 

.41-10. 

69 

37, 

.  11 

-0. 

88 

37.48 

-7. 

66 

37. 

75 

-2. 

.22 

37, 

.22 

1. 

.40 

37. 

.20 

4, 

15 

36. 

,37 

5. 

17 

34. 

,78 

5. 

18 

33. 15 

3. 

85 

31. 

70 

1. 

,31 

31. 

.25 

-1. 

.56 

30. 

.99 

-3, 

.05 

30 

.78 

-4. 

28 

3 

24 

1. 

.94 

31.38 

-9. 

84 

31. 

97-11. 

.29 

33. 

.86-12. 

.25 

34. 

.51-12. 

61 

35. 

,97-11. 

78 

37. 

.83-10. 

28 

37.42 

-8. 

80 

38. 

54 

•  5, 

.36 

38. 

.04 

7. 

,39 

37, 

.66 

8. 

,71 

36. 

.63 

9. 

58 

35. 

,  74 

9. 

02 

35.24 

7. 

60 

34. 

96 

8. 

.88 

33, 

.56 

9. 

.72 

33. 

.89 

8. 

,75 

32. 

.39 

9. 

84 

31. 

,87 

8. 

53 

31.12 

7. 

75 

38. 

49 

6. 

.08 

29. 

.71 

4. 

.99 

29. 

.41 

3. 

.55 

29. 

.41 

2. 

38 

29. 

,  41 

1. 

60 

4 

31 

8. 

.80 

28.62 

3. 

97 

28. 

64 

2. 

.49 

28. 

.95 

1. 

.42 

29. 

.43 

05 

29. 

.03 

-1. 

64 

30. 

.28 

-3. 

96 

38.32 

-6. 

67 

38. 

95 

-8. 

.96 

31. 

.64-10, 

.97 

32. 

,75-12. 

,85 

34. 

.66-12. 

28 

36. 

,27-11. 

55 

37.21 

-9. 

,76 

37. 

34 

-7. 

.88 

38. 

.48 

3. 

.88 

38. 

.89 

5. 

.47 

38. 

.06 

8. 

86 

38. 

.  13 

10. 

23 

37.47 

11. 

,96 

35. 

98 

12. 

.23 

35. 

.01 

11. 

.56 

34. 

.45 

11. 

.96 

33. 

.66 

11. 

76 

33. 

.82 

11. 

06 

32.34 

11. 

,58 

31. 

,36 

18. 

.56 

31. 

,89 

9. 

.78 

30. 

.02 

9. 

.  16 

29. 

.94 

8. 

85 

29. 

.  19 

7. 

18 

28.56 

5. 

.83 

i 
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APPENDIX  H 

SOURCE  LISTING  OF  ALL  SUBROUTINES  OF  PROGRAM 
IMPED  WRITTEN  UNDER  CONTRACT  F33615-78-C-0504 


c  definition  or  uariablcs  in  connoN 

C... ^MAXES'- — uariables  used  in  defining  ANATONICAL  axes  systems. 

C  S — the  computed  global  axes  system  LOCATION  OF  EACH  ANATOMICAL  AXES 

C  SYSTEM  ORIGIN. 

C  DCOS — THE  DIRECTION  COSINES  OF  EACH  ANATOMICAL  AXES  SYSTEM  UITH  RES- 

C  PECT  TO  THE  GLOBAL  AXES. 

C  IDEFPT — LANDMARKS  USED  TO  DEFINE  THE  ANATOMICAL  AXES  SYSTEMS  OF  EACH 

C  OF  the  nineteen  elementary  SEGMENTS. 

C  ISAME — RELATES  EACH  COMBINED  SEGMENT  TO  THE  ELEMENTARY  SEGMENT  THAT 

C  IT  SHARES  ANATOMICAL  AXES  UITH. 

C  IPRMU — USED  TO  PLACE  THE  ROUS  OF  DCOS  IN  PROPER  ORDER  AFTER  COMPU- 

C  TATION. 

C  ABCDEF — COORDINATES  OF  THE  LANDMARKS  USED  IN  THE  DEFINING  THE  ANA- 

C  TOMICAL  AXES  SYSTEM  BEING  COMPUTED. 

C  NXY2 — direction  COSINES  ANATOMICAL  MITH  RESPECT  TO  GLOBAL  FOR  ONE 

C  SEGMENT. 

C  DCOSAP — DIRECTION  COSINES  OF  THE  SEGMENT  ANATOMICAL  UITH  RESPECT  TO 

C  SEGMENT  principal  AXES. 

.../'POINTS^ — LANDMARK  COORDINATES  AND  ASSOCIATED  ITEMS. 

DUMB — SPACE  filler  FOR  UARIABLES  NOT  USED  IN  THE  FOLLOWING  ROUTINES. 
LMARK — THE  coordinates  OF  THE  77  ANTHROPOMETRIC  LANDMARKS. 

ISGMK — A  listing  of  the  landmarks  associated  UITH  EACH  SEGMENT  TO 
BE  CONUERTED  TO  PRINCIPAL  AND  ANATOMICAL  COORDINATES  FOR  TABLES 
7  AND  ia>  RESPECTIVELY. 

NLMRK— INDICIES  USED  TO  ASSOCIATE  ELEMENTS  OF  ISGMK  UITH  THE  PROPER 
SEGMENT . 

.. .THAMES/— DATA  USED  IN  THE  PREPARATION  OF  TABLE  HEADINGS. 

ISUB— the  number  to  be  ASSOCIATED  WITH  THE  SUBJECT  BEING  PROCESSED. 
SEGNM— names  or  THE  25  BODY  SEGMENTS. 

LMKNM— NAMES  OF  THE  77  ANTHROPOMETRIC  LANDMARKS. 

AXESTL— NAMES  OP  6  AXES  SYSTEMS  USED  AS  A  PORTION  OF  THE  HEADER  OF 
EACH  table. 

..  .^FORM.'— FORMATS  USED  BY  NUMEROUS  SUBROUTINES. 

..  .✓EIGEN/— data  PERTAINING  TO  SEGMENT  PRINCIPAL  MOMENTS  OF  INERTIA 
AND  THEIR  DIRECTIONS. 

TEN— INERTIAL  TENSOR  FOR  EACH  SEGMENT  WITH  RESPECT  TO  AXES  LOCATED 
AT  SEGMENT  CENTER  OF  GRAVITY  AND  ALIGNED  PARALLEL  TO  GLOBAL  AXES. 
EIGVEC — THE  directions  OF  THE  PRINCIPAL  MOMENTS  OF  INERTIA.  THIS 
ALSO  SERVES  AS  THE  DIRECTION  COSINES  OF  THE  SEGMENT  PRINCIPAL  UITH 
RESPECT  TO  GLOBAL  AXES. 

EIGR— THE  PRINCIPAL  MOMENTS  OF  INERTIAL  OF  EACH  SEGMENT. 

...✓!✓ — SOME  inertial  PROPERTIES  OF  EACH  SEGMENT. 

xYzco — global  axes  location  of  segment  centers  of  gravity. 

SEGVOL — VOLUME  OF  EACH  SEGMENT. 

...✓TRANS/ — DATA  PERTAIMING  TO  THE  CHANGE  IN  GLOBAL  AXES  SYSTEMS. 

XA — X  COORDINATE  OF  NEW  GLOBAL  AXES  ORIGIN  UJTH  RESPECT  TO  THE  OLD 

global  axes. 

YA — Y  COORDINATE  OF  NEW  GLOBAL  AXES  ORIGIN  UITH  RESPECT  TO  THE  OLD 
GLOBAL  AXES. 

COSR — COSINE  OF  THE  ANGLE  BETWEEN  THE  NEW  AND  OLD  GLOBAL  AXES  SYS¬ 
TEMS'  X  AXES. 
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SINR — SINC  or  THC  angle  BCTUCEN  the  NCU  and  old  global  axes  SySTCNS' 
X  AXES. 

c. . . /secta/ 

c  Duni — SPACE  piller  roR  uariables  not  used  in  the  roLLOuiNC  routines. 

C  NSEGCS — NUNBER  OF  CROSS  SECTIONS  PER  EACH  SEONENT. 

c 

c 

Block  data 

COnnON  PRAXES/  S! 3. 25) . DCOSCS. 25 ) . IDErPTCS. 19> . ISANEI 6 ) . 

L  IPRnuO<  19  >  ■  ABCDCr  (  13) .  NXYZ(9) .  DCOSAPt  9.  25  > 

COnnON  /POINTS^’  Dun0(  1  I  100  )  ,  LNARKI  3.  77  1  .  ISGHK(  183  >  ,  NLHRK  (  25  ) 

COnnON  XNAnCS/  ISUB, SEGNNI 25 ) . LNKNNIZ. 77 > . AXESTL ( 2, 6 > 

CONNON  /-rORN^-  SCUEN(3>.EIGHT(2)<riUC(4).SlX(5l 
CONNON  xEICENv  TEN(25.3.3)-EI0UEC(25,3,3),EIGRt25.3> 

CONNON  XYZCG(2S. 3) ■ SCGU0L(25 > 

CONNON  y'TRANS/’  XA.YA.COSR.SINR 
CONNON  ^SECTA/  DUNI (6001 .NSEGCS (20) 


DATA 

IDCrPT 

.•  37. 

30. 

36. 

37, 

30.  34, 

41 . 

2. 

44. 

77, 

2.  2. 

44. 

2. 

7, 

2, 

7,  7, 

49. 

50. 

7, 

49. 

50.  7, 

53. 

54. 

55, 

S3. 

54.  0. 

4. 

10. 

12, 

4, 

12,  4. 

20. 

22. 

16. 

20. 

16,  16. 

30. 

24. 

20. 

24. 

28.  26. 

3. 

9. 

1 1 , 

3, 

11.  3. 

19. 

21. 

15, 

19, 

15.  15, 

29. 

23. 

27, 

23, 

27.  25. 

57, 

59. 

61, 

59. 

57.  57, 

57. 

59. 

61, 

59, 

57,  57, 

63. 

69. 

67. 

69, 

63.  63. 

71. 

73. 

32, 

75, 

32.  71, 

S6. 

SS. 

60. 

50. 

56.  56. 

56. 

S6. 

60. 

50. 

56.  56. 

62. 

68. 

66. 

68. 

62.  62, 

70. 

72, 

31 . 

74, 

31,  70/ 

DATA 

ISANE 

/  7. 

10. 

13. 

17, 

5.  5/ 

DATA 

IPRNU 

/  2. 

3. 

1. 

3,  1,  2. 

2. 

1 . 

3. 

2,  3,  1. 

1. 

3. 

2. 

1.  2,  3, 

1. 

2. 

3. 

1,  3,  2. 

1. 

2. 

3. 

1.  2.  3. 

1. 

3. 

2. 

1,  2.  3. 

1. 

2. 

3. 

1.  2,  3. 

3. 

2. 

1. 

1.  2,  3. 

1. 

2. 

3. 

1.  2.  3, 

3. 

2. 

1/ 

DATA 

AXCSTL 

/6H 

,  lOH 

global. 6H  .IBH  principal. 

6H 

4  10HSCGnCNT  PAp6H  TOTpIBHAL  BODY  f>A» 

6H 

p  10HANATOnXCAL.r6HTOTAU  p  iBHeOOY  ANATO/' 

DATA  NLNRK  /  0.  7.  IS.  20.  34.  42.  49.  SS.  61.  60.  74.  00.  04. 

t  91/  97.103.107.114.120.126.136.146.154.162.103  / 

DATA  ISGNK  .'1.34.36.37.38.39.48.  1.  2.39.40.41.42.43.44.  2.  3.  4. 

&  5.  6.  7.42.43.44.45.46.49.50.  7.  0.49.50.51.52.  8.51. 

k  S2. S3. 54. 55. 56. 57.  4.  6.10.12.14.16.46.10.12.14.16.20 

6  22.20.22.24.26.28.30.  3.  5.  9.11.13.15.45.  9.11.13.15. 

t  19.21.19.21.23.25.27.29.10.94.55.57.10.54.57.59.61.63. 

6  65.59.61.63.65. 67.69. 32.67.69. 71. 73. 75. 17. 53. 55. 56. 17. 

S  S3. S6. S0.6O.62.64.se. 60. 62. 64. 66. 60. 31. 66. 66. 70. 72. 74. 

t  10.12.14.16.20.22.24.26.20.30.  9.11.13.15.19.21.23.25. 
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k  27.29. 18. 54. 55. S7.S9.61.63.6S. 17.53. S5. S6>  Sa. 60. 62. 64 

6  2.  3.  4.  5.  6.  7.  8.42.43.44.45.46.49.50.51.52.53.54 

»  55.56.57^ 

08TA  SeUCN  ^leHC 14X. 12. 3X. 10H. 2418. 3(r7. 7H. 2.4X1 
DATA  CIQHT  /ieH( ISX. «L4ND. BHMARKS*^ I  / 

DATA  riWC  /'1BM127X.  •SEGM.  10MENT  CENTER.  laHS  Or  GRAO 1 . 4MTr«  I  ^ 

DATA  SIX  ^10H22X.»  ORIG.  IBHIN  OF  SEGn.  IBHENT  ANATOli.  10HXCAL  AXCS« 
6  IH)/ 

END 
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SUBWOOTINE  MTwSUt  CONROLS  TmE  COMRUTRTIOnB  INUOLUEC  in  preparing  the 
table  or  ^{HEIGHT  UERSUS  XUOLUflE.  PARAnCTER  GRAPH  IS  A  LOGICAL 
variable  sPECirriNG  ir  a  graph  is  to  be  made  or  the  resulting 
table. 


subroutine  HTUSUL  (GRAPH) 

DinENSION  ZCZe.SB) •U0L0RD(2e3)>Z0R0(2B3) 

logical  graph 
NS:  19 

CALL  PREP2  (Z.N8) 

CALL  TBLPRP  (UOLORO.ZORO.Z.NS) 

CALL  UTITLE  <15. .rALSE. . 1 ) 

uRiTE  (6.aa> 

TOTUOL  :  B. 

DO  lae  1:1.201 

lae  TOTUOL  :  TOTUOL  *  UOLOROd) 

PRTUOL  :  TOTUOL 
DO  zae  1:1.201 

UOLl  :  UOLORDCI) 

UOLORDd)  :  PRTUOL/TOTUOLPlOa. 

2ee  PRTUOL  :  PRTUOL  -  UOLl 

URITE  (6.99)  (ZORDd).  (2ai>l).'2. UOLORDd).  1:1.201.4) 

IP  ( . NOT . ORAPH )  RETURN 

DO  aao  i:i.2ai 

aaa  zordcd  :  rL0AT((2ai  -  i)^2) 

CALL  PLOT  (0. . l.S.-a) 

UOLORDCZaZ)  :  Z0RD(2a2>  :  0.0 
UOLORD(283)  :  12.9 
Z0R0(203)  :  10. 

CALL  AXIS  (e..O..OHX  HCIOHT . >0. 10. . 0. . Z0RD(202 ) . ZORD( 203 > ) 

CALL  AXIS  (e..e.>OHX  UOLUne.0.0..9e..UOLORD(2B2>.UOLORD(2e3)) 

CALL  LINE  (ZORD.UOLORD. 201. 1.0.0) 

CALL  PLOTE  <N) 

RETURN 

00  PORHAT  ( lex. aPERCENT  op  UOLUnC  PROn  PLOOR  TO  SRCCtPlED  HCIGHTSp^) 
99  PORnAT  ( 14X.  ■HCI8HT*.  19X.  ax  HC16HTp.16X.aX  UOLUHCa.'.' 

6  (12X.P0.2>21X.I3.10X.Pa.2)) 

END 


I 
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SUBROUTINE  TBUPRR  DISTRIBUTES  THE  UOLUHE  ASSOCIATED  WITH  EACH  CROSS 
C  SECTION  INTO  the  260  INTERUALS  TOTAL  HEIGHT  IS  DIVIDED  INTO. 

C 

c 

subroutine  TBLRRR  (U0l0RD>Z0RD<2>NS> 

CONHON  /SECT A/  DUNl C SBB > . nSESCSc 26 ) . DUNZ C BBB ) / UOL ( 2B. SB ) 

DINENSION  UOLORO(2ei).  20RD(281).  2(26.96) 


UOLORDCl)  :  U0L0R0(2ei>  :  20RD(261)  :  6. 
ZORDd)  :  ZINC  I  Z(l.l> 

ZINC  :  ZlNC/’266. 

DO  166  1:2.266 
UOLORDd)  :  6. 

100  ZORD(I)  :  ZORD(l-l)  -  ZINC 

DO  266  1:1. NS 

JSTP  :  NSEOCSCI) 

DO  266  J:l.ZSTR 
2T0R  :  Zd.J) 

2B0T  :  Zd.Jfl) 

ZnULT  :  UOLCI.  J).'(ZTOR  -  ZBOT) 


KUR  :  INT(2ei.  -  ZTOR^ZINC) 

KOMN  :  266  -  INT ( ZBOT/ZINC) 

UOLORD(KUR)  :  UOLORO(KUR)  *  (ZTOP  -  20RD(KUR4-1 > >«ZnULT 
UOLORD(KOHN)  :  UOLORD(KDUN)  ♦  (ZORDCKDHN)  -  2BOT)K2nULT 
KUR  :  KUR  ♦! 

KDUN  :  KOHN  -1 
IF  ( KUR . OE . KOHN )  QOTO  268 
ZNULT  :  ZNULTaZlHC 
DO  196  K:KUR.KDWN 

196  UOLORO(K)  :  UOLORD(K)  ♦  ZNULT 

266  continue 


RETURN 

END 


C  subroutine  RRCRZ  RRERARES  a  table  or  Z  coordinates  UhICH  SERVE  AS 
C  TORS  AND  BOTTONS  FOR  EACH  CROSSECTIONAL  NASS. 

C 

c 

SUBROUTINE  RRERZ  (ZNEH.nS) 

CONNON  /'SECTA/^  ZHT(28.3B).NSEQCS(2e).Z(Z6.3B) 

DINENSION  ZNew(28.36) 

DO  166  I:l.NS 

ZNEUd.l)  :  Zd.l)  •»  ZHTd.D^Z. 

JSTR  :  NSEOCSd) 

DO  166  J:l.JSTR 

168  ZNEUd.J-»l)  :  ZNEHd.I)  -  ZHTd.J) 


RETURN 

END 
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•  SUBHOUTINC  AN«TOn  CONTROLS  THE  COfIPUTATION  or  THE  ORIGIN  AND  DIREC- 
C  TION  COSINES  OP  the  SEGNENT  ANATOniCAL  AXES  WITH  RESAECT  TO  GLOBAL 

C  AXES, 

c 
c 

SUBROUTINE  ANATOn 

EXTERNAL  PEG.  GEO.  HIEO.  HZEQ 

REAL  LHARK. ABC0EPC3.6J.NXY,Nr2.NXZ. GI(3).G2(3).DIPP1«3),  DIPPZOl 
REAL  ROTnA(3.3>.ROTnAT(3.3) 

COnnON  .'AAXES/  S(  3.2S) .  DCOSO.  ZS  >.  I0CPAT(6.  19) .  ISANEIG) . 

B  IPRnU(3. 19>.A(3>.B(3>.C(3).0C3>.E(3).P(3>. 

B  NXY(31.NYZ(3),NXZ(3) 

connoN  /POINTS^  ounc iiieei . LnARxiB. 77> 

EOUIUALENCE  (ABCDEP.A) 

LOGICAL  NOROT 

DATA  ROTHA^  .86602340.  . 41413669. -. 20016210. 

B  -.20016210.  .86602540.  .41413669. 

B  .41413669. -.28016210.  .86602348^ 

CALL  TRNSP  (ROTnA.ROTNAT) 

C  I  INCRENENTS  through  THE  19  ELENENTARY  SEGMENTS. 

DO  500  1:1.19 
C 

C  ABCDEP  IS  PILLED  UITH  THE  COORDINATES  OP  THE  LANDMARKS  USED  TO 
C  DCPINE  SEGMENT  I'S  ANATOMICAL  AXES  SYSTEM. 

DO  100  K:1.6 

DO  100  J:1.3 

100  ABCDEPd.K)  s  LMARKl  J.  IDEPPTCK.  I  >  > 

DO  200  J:1.3 

DlPPl(J)  s  A<J)  -  C<JJ 
200  D1PP2(J)  :  B(J)  -  C(J) 

CALL  CROSS  <01Pri.DXPP2.NXY) 

CALL  NORM  (NXY) 

C 

C  IP  ANY  COMPONENT  OP  NXY  IS  >  .99  THEN  THE  COORDINATES  OP  ABCDEP  ARE 
C  ROTATATED  IN  ORDER  TO  AUOID  ZEROS  OCCURRING  IN  THE  DENOMINATORS  OP 

C  SOME  EOUATIONS. 

NOROT  :  AMAXl  <ABS(NXY( 1) >.  ABS(NXY<Z>).  ABS(NXY(3)))  .lT.  .99 
IP  (NOROT)  GOTO  290 

CALL  MATMUL  ( ROTMA. ABCDEP . ABCDEP . 6 > 

DO  210  J:1.3 

DIPPKJ)  :  A<J)  -  C<J) 

210  DIPPZIJ)  :  B(J)  -  C(J) 

CALL  CROSS  (0IPP1.DIPP2.NXY) 

CALL  NORM  (NXY) 

290  CALL  EUAL  ( NYZ. GEO. PCO. 1 . ) 

CALL  NORM  (NYZ) 

CALL  EUAL  (Gl.HlEO.HZEO.O. ) 

CALL  EUAL  (GZ.HIEO.NZEO. 1. ) 

DO  300  J:1.3 

DIPPKJ)  s  P(J)  -  Gl(J) 

300  DIPP2(J)  :  G2(J>  -  GKJ) 

TO  s  DOKDIPPl.  0IPP2)  x  DOT  <  DIPP2.  DIPP2 ) 

DO  400  J:1.3 

400  S(J.I)  :  GKJ)  *  Te«0IPP2(J> 

CALL  CROSS  (NXY.NYZ.NXZ) 

CALL  NORM  (NXZ) 

IP  (NOROT)  GOTO  500 

CALL  MATMUL  (ROTMAT. S( 1 . I ).S< 1. I ). 1 > 

CALL  MATMUL  ( ROTMAT . NXY . NXY. 3 ) 

500  CALL  DIREC  (1) 
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n  o  o  o 


680 


19)  > 


788 


100 


2S0 

288 


DO  700  J:20>2S 
DO  608  1:1.3 

S(I.J)  :  SCI.lSAnCCJ  - 
DO  700  1:1.9 

DCOSd.Jl  :  OCOSCI.  ISAnC(  J  -  19)1 


RETURN 

END 


SUBROUTINE  DXREC  IS  CALLED  BY  ANATOH  TO  PLACE  THE  ROUS  OF  DCOS  IN 
THE  CORRECT  ORDER  AS  SPECIFIED  BY  IPRNU. 


SUBROUTINE  OIREC  (K) 

REAL  NXYZ 

COnnON  /'AAXES^  S(7S).OCOSO.3.2S).DUn0(120>.  IPRNUO.  19>. 
t  DUMKIBI.NXYZO.S) 

DO  100  J:l>3 
DO  100  1:1.3 

DCOS(J.I.K)  :  NXYZ( I. IPRNU< J.K> > 

DO  200  1:1.3 

IF  (OCOSCI. I. K1  .OT.  0.)  GOTO  200 
DO  2S0  J:t.3 

OCOSCI. J.K>  :  -OCOSCI. J.K) 

CONTINUE 

RETURN 

END 
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r>  n  n  o  n  r*  n 


subroutine  curl  is  called  by  ANRTOfI  TO  COHRUTE  A  3-TUPLE  OF  THE  FORM 
(r<Q(Z),Z).  CtZ).  Z)  UERC  Z  IS  SPECiriED. 


subroutine  curl  (PT,CQ1>C0Z.Z) 

REAL  PTC  3) 

PT<2)  r  £02(2. DUM) 

PTCl)  :  COKZ.PTCZ)  ) 

PT(3)  :  Z 

RETURN 

END 


FUNCTION  CQU  IS  USED  BY  CUAL 
UTATION  OF  RnrTONICAL  AXES 


TO  SUPPLY  EQUATIONS 
SYSTCn  ORIGINS. 


NEEDED  IN  THE  COHP- 


FUNCTION  CQU  C2.Y) 

COfCflON  /RAXES/  Done  477  )  .  R(  3  J .  8(  3)  .  C(3»  .  DC  3)  .  E  O  ) .  F<  3>  . 
t  NXYC3).NYZC3>.NXZ(3> 

REAL  NXY.NYZ.NXZ 

ENTRY  FEQ 

EQU  s  Z«  (NXY<3)»CDC 1 )-E( 1 ) )  ♦  NXYC i )• c E C 3 )-D( 3 > ) >  ' 
t  (NXYC2>»CE( I )-DC 1 ) >  ♦  NXYC1)»CDC2>-C(2»)) 

RETURN 

ENTRY  GEO 

CQU  *  -<Y*NXY(2>  ♦  2»NXY(3) »/NXY(l) 

RETURN 

Entry  hieq 

EQU  s  COOTCC.NXY)  -  NXYC2)«Y  -  NXY C 3>»Z>/NXY C 1 ) 

RETURN 

ENTRY  N2CQ 

CQU  s  COOTCC.NXY)  -  NXY C I ) /HVZC 1 ) "DOT CD.NYZ >  - 
t  Z«(NXY<3)  -  NXYC 1 )«NYZC3>/NVZ< 1 ) ) )  / 

t  C NXYC 2)  -  NXY<I)*NY2(2)/NYZ<1)) 

RETURN 

END 
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OAn  noon  >*  oon» 


FUNCTION  DOT  RCTURNS  THC  DOT  PRODUCT  OF  TNC  TWO  THREE  DXNENS ZONAL 
VECTORS  A  AND  S. 


FUNCTION  DOT  (A.B) 

REAL  AO>,BO> 

DOT  z  B. 

DO  IBB  I:l>3 

BB  DOT  :  DOT  *  A(I)*B(I} 

RETURN 
END 


SUBROUTINE  CROSS  CONFUTES  THE  CROSS  PRODUCT  OF  PARAHETERS  A  AND  B 
AND  RETURNS  THE  RESULT  IN  PARAHETER  C. 


SUBROUTINE  CROSS  (A.B<C) 
DZHENSION  AO)>BC3)<CO) 

C(l)  s  A(21«B(3>  -  A<3>aB(2) 

C(2)  z  B(1>«A(3>  -  B<3)«A(t> 

C(3)  z  A(1)«B(2)  -  A(2)aB(tl 

RETURN 
END 


SUBROUTINE  NORN  NORNALIZES  THC  THREE  DZNCNSIONAL  VECTOR  C. 


SUBROUTINE  NORN  (C) 

REAL  C(3) 

SIZE  :  B. 

DO  SB  IsI.S 

SB  SIZE  3  SIZE  ♦  C(I)aa2 

SIZE  3  SBRT<SIZC) 

DO  IBB  l3l.3 

IBB  C(I>  3  C<I>/SIZE 

RETURN 
END 
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«  SUBMOUTXNC  UTBI.56  IS  USES  TO  HRXTC  OUT  TABLES  5  AND  6. 

C 

c 

SUBROUTINE  UTBLS6 

COnnON  /’AAXES/  S(3<ZS).DC0S(S>2S> 

CALL  UTXTLC  ( S. . FALSE .. 1 ) 

WRITE  (6.99> 

DO  IBS  1:1.25 

IBS  CALL  TBLCOR  (S(1.I>.I) 


CALL  UTITLE  ( 6. . FALSE . . 1 ) 
WRITE  (6.B8) 

DO  2BB  1:1.13 

2BB  CALL  TBLCOS  (OCOSCl.D.Il 

CALL  WTITLE  (6.. TRUE.. 1) 
WRITE  (6.88) 

DO  388  1:14. 2S 

388  CALL  TBLCOS  ( DCOS( 1 . I > . I ) 


88 


99 


RETURN 

FORMAT  <1SX. aOXRECTION  COSINES  (ANGLES)  OF  SEONENT  ANATONICAL*. 
6  «  AXES«^3BX.«WXTH  RESPECT  TO  SLOBAL  AXES»/34X. 

6  a(RA)  :  CDAO]  (R6)«^14X. •SESHENTS*/' ) 

FORMAT  (33X.«0RIGIN  OF  SEGMENT  ANATOMICAL  AXES»^36X> 

4  aWITH  RESPECT  TO  GLOBAL  AXES«/'.'14X.  «SEO».  ISX.  «Xa.  13X. 

4  aYa.13X.aza/) 

END 


C  SUBROUTINE  WTITLE  IS  CALLED  BY  UARIOUS  ROUTINES  TO  WRITE  OUT  TABLE 

c  titles. 

C 

c 

subroutine  WTITLE  ( ITABLE. CONT. lAXES) 

COMMON  /NAMES/  ISUB. DUM( 179) . AXESTL( 2. 6) 

DIMENSION  C0NTIN(2) 

LOGICAL  CONT 

CONTIN(l)  :  C0NTIN(2>  :  18N 
IF  (.NOT. CONT)  GOTO  18 
CONTIN(l)  :  18H(C0NTINUED 
CONTXNCZ)  :  IBH) 

18  WRITE  (8.99)  ITABLE. C0NTIN.ISU8.(AXESTL(XX>XAXES>. 11:1.2) 

RETURN 

99  FORMAT  ( ala//14X. aTABLE  Sa. 13. IX. AIS. A4. aSUBJECTa. 13. 3X. AS. AIB. 

4  a  AXESa//) 

END 
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«  SUBROUTINE  TBLCOS  IS  CALLED  TO  URITE  OUT  A  TABLE  ENTRY  CONSISTING 
C  or  COSINES  ALONG  UITH  THE  CORRESPONDING  ANGLE.  TABLES  THAT 
C  UTILIZE  THIS  SUBROUTINE  IN  PRINTING  ARE  4,6.13. 

C 

c 

SUBROUTINE  TBLCOS  (DCOS.ISEG) 

REAL  DC0S(3>3).  ANGLEOJ.NAHE 
COHHON  /NAMES/’  ISUB.  SEGNMC  ZS  ) 

IF  (ISEG.EQ.ZS)  URITE  (6>8S> 

NAME  =  SEONHCISEG) 

DO  IBB  I:t,3 
DO  38  Jsl.a 

30  ANGLE(J)  =  ACOS(DCOS( I. J) )»S7.2957B 

URITE  (6,99)  NAME,  (DCOSd.  J),ANGLE(J),  J:l,3> 

NAME  :  10H 
100  CONTINUE 

URITE  (6.99) 

RETURN 

BB  FORMAT  (/t4X.aT0TAL  BODY*/) 

99  FORMAT  ( 14X, AS. 3(r 10. S. «( «. FS. 1 , «) « ) ) 

END 


C  SUBROUTINE  TBLCOR  IS  CALLED  TO  URITE  OUT  AN  ENTRY  IN  A  TABLE  OF 
C  COORDINATES.  THIS  SUBROUTINE  IS  UTILIZED  IN  THE  PRINTING  OF 
C  TABLES  S,8.9. 11. IZ. 

C 

c 

SUBROUTINE  TBLCOR  (XYZ. I) 

COMMON  /NAMES/  ISUB. SEGNM( ZS) . LMKNMCZ. 77) 

REAL  XYZ(3) 

IF  (Za(I/Z)  .EG.  I)  GOTO  IS 
IF  (I.EQ.ZS)  URITE  (6.00) 

URITE  (6.99) 

10  URITE  (6.99)  SEQNM(I).XYZ 

RETURN 

00  FORMAT  (//14X.aT0TAL  BODYa) 

99  FORMAT  ( 14X. AS. 3 (F13. Z. ZX ) ) 

END 
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«  SUBROUTINC  TBL7  IS  USED  TO  CONTROL  THE  MRITIN6  OUT  OF  TABLE  7. 
C 

c 

SUBROUTINE  TBL7 

COnnON  ^EIGEN^  0Une(22S).EIGUCC(2S>3>3) 

COMMON  ^1/  XY2CG(2S.3) 

COMMON  ^POINTS/-  OUMK  1 1 108)  .  LMARN  (  3.  77) 

COMMON  ^AAXES^  SC 3. 23) 

COMMON  xnAMES^  ISUB. SEGNMC 23 ) > LMKNn(2> 77 ) 

COMMON  /rORMX  SEUEN ( 3) . CiaHT(2) 

LOGICAL  CONT 

REAL  LMARK. ORGTL ( 3 ) >  CMG  <  3 ) . OCOS ( 3, 3 ) , XP ( 3 ) 


ORGTLCl)  :  10NANATOM1CAL 
0RaTL(2)  :  10H  SYSTEM  OR 
0R0TL(3>  :  IBHIGIN 
CONT  :  .FALSE. 


DO  100  I:1.21>2 

CALL  HTITLE  <7. CONT. 3) 

CONT  s  .TRUE. 

WRITE  (6.SS) 

ISTP  s  I  ♦! 

DO  100  II:I.ISTP 
DO  30  J:1.3 

CMG(J)  :  XYZCGCII.J) 

DO  30  Ksl.S 

30  DCOSCK.J)  :  EIGUECC II . K, J ) 

100  CALL  RTMRKS  ( CMG. DCOS. II/ S( 1. II ) , ORGTL) 


130 

200 


DO  200  11323/24 

CALL  UTITLE  (7. CONT. 3) 

WRITE  (6/S9) 

DO  130  l3l.3 

CMG(I)  3  XYZCQ(II.I) 

DO  130  K31.3 

DCOSCK/J)  3  EIGUECCII/K.I) 

CALL  RTMRKS  (CMG. DCOS. I 1/ S( 1/ II ) . ORGTL ) 


CALL  WTITLE  (7/ CONT. 3) 

WRITE  (6.93) 

DO  230  J3l.3 
CHGCI)  3  XYZCG(2S>J} 

DO  230  Ksl.3 

230  DCOS(K.J)  3  EIOUCC(2S>K.I) 

CALL  DEFPT  (CMG. DCOS. 23 ) 

WRITE  (6. EIGHT) 

DO  300  IIsl.34 

CALL  CNURT  (LMARKC 1 > I 1 > . XP. CMG. OCOS) 

300  WRITE  (0. SEVEN)  II. (LMKNMCl. II ) . l3l.Z). XP 

CALL  HTITLC(7.C0NT>3) 

WRITE  (0.99) 

DC  330  11333.77 

CALL  CNURT  ( LMARK ( 1 . I I ) . XP. CMG. OCOS ) 

330  WRITE  (0.SEUEN)  11.  (LHKNMd.  II ).  Isl.Z)  . XP 

CALL  OTAXES  (CMO.DCOS.ZS.Sd. 23). ORGTL) 


RETURN 

99  FORMAT  ( 19K.  aSCGMENT  LANDMARKS  AND  ANATOMICAL  SYS.  ORIGIN*.' 
0  20X.«H1TH  RESPECT  TO  SEGMENT  PA  AXES*//’1SX.  as*.  27X. 

0  *X*.10K.aY*.lGX.aZ*/) 

CNft 
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«  SUBROUTINE  TBLIB  IS  USED  TO  CONTROL  THE  MRITINO  OUT  OF  TABLE  IB. 
C 

c 

SUBROUTINE  TBLIB 
COnnON  ✓l/XYZCGfBS.S) 

COHHON  ^POINTS^  DUHl  (  1 1  IBB  >  >  LNARKO.  77  ) 

COMMON  /AAXES/  SO.  ZS )  >  OCOS< S.  2S > 

COMMON  ^NAMES/  ISUB. SEONMC ZS ) . LMKNM(Z> 77 ) 

COMMON  .'FORM/  SEUENO)  .  ElfiHTfZJ 
LOGICAL  CONT 

REAL  LMARK.ORaTLO).CM6(31.XP(3) 

ORGTLCl)  :  IBHCENTER  OF 
0RGTL(2)  :  IBHGRAUITY 
0R6TL(3)  s  IBH 
CONT  :  .FALSE. 

DO  laa  Izl.Zl.Z 

CALL  UTITLE  (IB. CONT. 5) 

CONT  I  .TRUE. 

URITE  («>99) 

ISTP  s  I  ♦! 

00  IBB  11=1. ISTP 
DO  SB  J=1.3 

SB  CMGO)  :  XYZCOdl.J) 

laa  CALL  RTMRKS  ( S( t . IX ] . DCOSC t . It ) . I I. CNO. ORGTL > 

DO  ZBB  IISZ3.Z4 

CALL  MTXTLE  (IB. CONT. S) 

WRITE  <6.99) 

DO  ISB  tsl>3 

ISa  CMG<J)  s  XYZCOdl.J) 

ZBB  CALL  RTMRKS  (Sd . I I ) . DCOS< 1 . II ) . I X . CMO. ORGTL ) 

CALL  UTITLE  (IB. CONT. S) 

URITE  (6.99) 

CALL  OEFPT  ( Sd >  ZS ) .  OCOS d.  ZS) .  ZS) 

WRITE  (6. EIGHT) 

DO  3BB  list. 34 

CALL  CNURT  (LMARK  d  .  1 1 ) .  XP.  Sd.  ZS)  >  OCOSCl.  ZS) ) 

3BB  URITE  <6. SEVEN)  I I. (LMKNM< I. XI ) . Isl. Z) . XP 

CALL  UTITLE  (IB. CONT. S) 

WRITE  (6.99) 

DO  3SB  II:3S.77 

CALL  CNURT  (LMARKd.  1 1 ) .  XP.  Sd.  ZS)  .  OCOSCl.  ZS) ) 

3SB  URITE  (6. SEVEN)  XI . (LMKNMC I. XI ) . 1=1. Z) . XP 

DO  4BB  Jsl.3 

4BB  CnO(J)  =  XYZCQ(ZS.J) 

CALL  OTAXES  (S( 1 . ZS) . OCOS( 1 . ZS) . ZS. CMO. ORQTL) 

RETURN 

99  FORMAT  (Z4X. •SEGMENT  LANDMARKS  AND  CENTER  OF  GRAVITY*/ 

6  ZTX.aUXTN  RESPECT  TO  ANATOMICAL  AXES«//1SK. «B«. 27X. 

s  •x«. iBx.«r». iax.«z»/) 

END 
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«  subrouting  RTMRKS  is  CALLCO  by  TBL7  AND  TBLIB  TO  URITG  OUT  TNG  COn- 
C  PONCNTS  OF  LANDMARKS  SRECIFIGD  BY  ISGMK  FOR  SGGMGNT  II  CONUCRTGD 

C  TO  TNG  AXGS  SYSTEM  SRECIFIGD  BY  PARAMGTGRS  S  AND  DCOS. 

C 

c 

subroutine  RTMRKS  f S/ DCOS. I I . CM. ORGTL ) 

RGAL  S(3).DCOS<3.3).CMO>.ORGTl(3>.KP(3>.  lmARK 
COMMON  ^NAMCS.'  ISUB.SGaNH(25).LMKNM(2,7r) 

COMMON  ^FORM.-  SCUGN(3),GI0MT(2) 

COMMON  ^POINTS/’  DUM(  lltBa),LMARK(3.77>>  ISaMKC183>.NLMRK(ZS) 

CALL  DGFPT  <S.OCOS.II> 

URITG  (6.GIGHT) 

JSTP  :  NLMRK(1I  +  1>  -  NLMRKdl) 

DO  SB  J: I. JSTP 

IMRK  :  ISGMKCJ  *  NLMRKdll) 

call  CNURT  (LHARKd.  IMRK). XP.S. DCOS) 

SB  URITG  (6.SGUEN)  IMRK. <LMKNM d . IMRK > . I : 1 . 2 ) . XP 

C  GNTRY  OTAXGS  CONUGRTS  TNG  PARAMGTGR  CM  TO  TNG  AXGS  SYSTGM  SRECIFIGD 
C  BY  S  AND  DCOS  AND  URITGS  THESG  COORDINATES  OUT. 

C 

ENTRY  OTAXGS 

URITG  (6.77)  ORGTL 

CALL  CNURT  (CM. XP.S. DCOS) 

BLANK  :  IBH 

URITG  (6.SEUGN)  B. BLANK. BLANK. XP 
URITG  (6.SEUEN) 

RETURN 

77  FORMAT  (^tSX.3AI8) 

END 


C  SUBROUTING  DGFPT  IS  CALLED  BY  RTMKS  TO  CONUERT  THE  ANATOMICAL  AXES 

C  SYSTEM  DEFINITION  POINTS  TO  THE  AXES  SYSTEM  SPECIFIED  BY  S  AND 

C  DCOS  AND  URITE  THESE  COORDINATES  OUT. 

C 

c 

SUBROUTINE  DGFPT  ( S. DCOS. ISEG ) 

RGAL  S(3).DC0S(3>3).XP(3).LMARK 

COMMON  /AAXGS/  D'JMBOBB) .  IDCFPT(6. 13) .  ISAMEC6) 

COMMON  ^NAMGS^  rSU8.SGGNM<25J.LMKNM<2. 77) 

COMMON  .'POINTS.'  DUMldllBB).LMARK(3.77) 

COMMON  .’FORM.'  SGUEN(3) 

II  :  ISEG 

IF  dI.GT.19)  II  s  ISAMEdI-l9) 

URITE  (6.99)  SEGNMdSEG) 

DO  188  1:1.6 

IMRK  s  IDEFPTd.II) 

CALL  CNURT  ( LMARK ( 1 > IMRK ). XP. S. DCOS ) 
iBB  URITE  (6.SEUEN)  IMRK. ( LMKNM( J . IMRK ) . J: 1 . 2 ) . XP 

URITE  (6.SEUEN) 

RETURN 

99  FORMAT  (1SX.»AXES  DEFINITION  POINTS*. 19X, •SEGMENT  ".AB/) 

END 


•  SUBROUTINC  TOnOUT  WRITES  CERTAIN  PORTIONS  OF  THE  DATA  OUT  TO  A  DIF- 
C  FERENT  FILE  THAN  USED  FOR  THE  TABLES.  THIS  Data  IS  IN  o  FORn  MORt 

C  EASILY  READ  BY  A  COnPUTER  PROGRAM  THAN  THE  TABLES. 

C 

C 

SUBROUTINE  TOnOUT 

connON  ^NAMES^  isuB.SEONnczsi.LnKNntz.rri 
connON  xyzcg(2s>3><seguol(ZS> 

COMMON  /-EIGEN/  TEN(Z5.3.3).EIGVCC(2S.3.3>/C1QRIZS.31 
COMMON  /AAXES/  S<3.ZS>«DCOS(9/ZS) 

COMMON  /POINTS/  DUn(lllBe>.LMARt((3/77) 

real  LMARK 

WRITE  (7.11)  ISUB 
WRITE  (7,999) 

WRITE  (7.99)  ( I , S£GNn( I > . SEGUOL( I > . (E1GR< 1. J>. I: 1 , 3) ' I ) 

WRITE  (7.888) 

WRITE  (7.88)  ( I,  ()(YZCG(  1.  J) .  1:1.3).  (S(  J.  1).  J:l.  3).  1:1.ZS> 

WRITE  (7,777)  lawPRINCIPAL 

WRITE  (7.77)  ( I, ( (CIGUEC( I. J.X) . J:l. 3>.K:l,3) . I:l.Z5) 

WRITE  (7.777)  IBHANATOMICAL 

WRITE  (7,77)  ( I. (DCOS( J. 1 ). 1:1.9). I:1.Z5) 

WRITE  (7,666) 

WRITE  (7.66)  ( I. (LMKNM(J. 1 ). 1:1.2), (LnARK(J, I >, Jtl , 3> , 1:1,77 1 
21  FORMAT  (•]«.3ex.R0ATA  FOR  FEMALE  SUBJECT«,I3) 

66  FORMAT  ( 19. 6X, ZA18. 3Fie . 3 ) 

77  FORMAT  ( IS. 3X, 9F8 . 6) 

88  FORMAT  (I9.6X,6F18.3) 

99  FORMAT  ( 19. 6X. Aie. 4E12. 7 ) 

666  FORMAT  (4X, «LANOMARK«. 6X, ■NAME*. Zex. RCLOBAL  COORDINATES* > 

777  FORMAT  (•  SEGMENT*. 9X, «OIRECTION  COSINES  -.Aia.*  W.R.T.  GLOBAL  •, 
t  *(87  COLUMNS)*) 

eee  format  (4X.*SC6nENT*.5X,*PRlNCIPAL  AXES  ORIGIN  (C.6.>*.SX. 

6  aANATOMICAL  AXES  ORIGIN*) 

999  FORMAT  ( 4X, aSEGMENT*. 7X , *NAME*. 6X. aUOLUME*. 1 3X. 

6  aPRlNCIPAL  MOMENTS*) 

end 
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•  SUBROUT IME  CNURT  CONUERTS  THE  COORDINATES  Or  PARAMETER  X  TO  THE  AXES 
C  SYSTEM  SPECiriED  BY  S  AND  DCOS.  PLACING  THE  RESULTING  COORDINATES 

c  IH  parameter  xp. 

C 

C 

SUBROUTINE  CNURT  ( X. XP, S • DCOS ) 

DIMENSION  X(3).XPO),S(3).  DCOS  (3,  3) 

DO  lee  1:1.3 

lee  xp(i]:x(i)-s(i> 

CALL  MATMUL  ( DCOS . XP . XP . I ) 
return 

END 


C  SUBROUTINE  MATMUL  COMPUTES  THE  MATRIX  PRODUCT  OE  PARAMETERS  A  AND  B 
C  AND  PLACES  THE  result  IN  PARAMETER  C.  B  AND  C  MAY  BE  IDENTICAL  IN 

C  THE  CALLING  ROUTINE. 

C 

c 

SUBROUTINE  MATMUL  (A.B,C.NCOL> 

DIMENSION  A(3.  3).  BO.NCOL)  .CO.NCOL)  .ENTRYO) 

DO  180  Jrl.NCOL 
DO  SB  1:1.3 

ENTRYd)  :  8. 

00  98  X:1.3 

ENTRYd)  »  ENTRYd)  ♦  Ad,K>aB(K,J) 

DO  180  K:l,3 

C<K.J)  s  CNTRY(K) 

RETURN 
END 


SUBROUTINE  TRNSP  COMPUTES  THE  TRANSPOSE  Or  PARAMTER  A  AND  PLACES 
IT  IN  PARAMETER  AT. 


SUBROUTINE  TRNSP  <A.AT) 
real  A(3,3).AT(3.3) 

00  100  1:1.3 

DO  108  J:1,3 

100  ATd,  I)  :  Ad,  J) 

RETURN 
END 


90 

108 
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■  subroutine  TBLSS  is  called  to  URITE  out  tables  a  AND  9. 


subroutine  TBL89 

connON  ^roRN^  oun(S).riuE(4),six(3) 
COnnON  /'AAXES/'  S(3<2S> 

COnnON  ^EIGEN^'  DUNe(223)>ElGUEC(2S>3.3> 
CONNON  /I/  XYZCG(23>3) 

REAL  XP(3)>0C0S(3. 3).CGT(3).CGS(3> 


CALL  MTITLE  (8> . PALSE. . 4 ) 

URITE  (S.riUE) 

URITE  (6.99) 

DO  18  1:1.3 

COT(I)  :  XYZCa(2S.I) 

DO  18  J:1.3 

18  DCOSCl.J)  :  E1GUEC(25. I. J) 


DO  188  ISE0:1.2S 
DO  118  1:1.3 

118  COS(I)  :  XYZCGdSEG.I) 

CALL  CNURT  (CGS. XP. CGT. OCOS ) 
188  CALL  TBLCOR  (XP.ISEG) 


CALL  UTITLE  ( 9. . FALSE. . 4 ) 

URITE  (6. SIX) 

URITE  (6.99) 

DO  288  tSea:1.2S 

CALL  CNURT  ( S( 1 . ISEG ) . XP. CGT. OCOS) 
288  CALL  TBLCOR  (XP.ISEG) 


RETURN 

99  FORNAT  (23X.4UITH  RESPECT  TO  TOTAL  BODY  PA  AXES*^^ 
k  14X>«SEGi«.  16X.«X«.  13X>«Y«.  ISX.aZA/) 

END 
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SUIROUTXNC  TIL112  IS  CAULEO  TO  WRITE  OUT  TABLES  11  AND  12. 


SUBROUTINE  TBL112 

CONHON  /'AAXES^  S(  3. 23 > .  DCOStS.  2S) 

CONHON  XrZCS<25>3) 

CONHON  /roRH^  DUHS(S) . riUE ( 4 ) . SIX (S> 

REAL  XPO)>Cn(3> 

CALL  HTITlC  (11. .false. .6) 

WRITE  (S.riUE) 

WRITE  (6. 93) 

DO  IBB  ISE6:1.2S 
DO  9B  J:1.3 

9B  CH(J)  :  XYZCSdSEO.  J) 

CALL  CNURT  ( CN. XP> S( 1 . 2S ) > DCOSC 1. 2S) ) 

IBB  CALL  TBLCOR  (XP. ISEO) 

CALL  WTITLE  ( 12. . FALSE. > 6) 

WRITE  (6. SIX) 

WRITE  (6.99) 

DO  2BB  ISEO: 1.23 

CALL  CNURT  ( S( 1 . ISEO ) . XP. S( 1 . 2S) . DCOSt 1. 23) > 

2BB  call  TBLCOR  (XP.XSEO) 

RETURN 

99  FORHAT  (19X.4WITH  RESPECT  TO  TOTAL  BODY  ANATOhICAL  AXES*'^'' 
S  t4X. «SEa«. 16X. «X«. 13X. aYA. 13X.«2»^> 

END 
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■  suikoutinc  rutbli  rcads  In  the  mcadcr  orr  the  data  set,  placing 

C  ITEMS  IN  APPROPRIATE  COMMON  AREAS.  IT  ALSO  COMPUTES  THE  tranS- 

C  formation  to  the  altered  global  axes  system.  THIS  INFORMATION  IS 
C  applied  to  the  LANDMARK  COORDINATES  AND  STORED  TO  LATER  BE  APPLIED 

C  CROSS  section  COORDINATES.  ADDITIONALLY  THIS  SUBROUTINE  URITES 

C  OUT  table  1. 

C 

c 

subroutine  RWTBLl 

COMMON  ^POINTS/'  OUM(  lllBR)  •  LMARK  O.  77) 

COMMON  XNAMES^  ISUB.SEGNM(2SI.LMKNM(2.77) 

COMMON  /'FORMX  SEUENO) 

COMMON  /SECTAX  DUMl (Saai >NSE0CS(2e) 

COMMON  .'TRANS"  XA.  YA.  COSR  >  S  I  NR 
real  LMARK 

DATA  (SEGNM(J).  JssZa.ZS)  "lOHR  FARM'TH  .  lOHL  FARMvH 
t  laHR  THIGH  > lOHL  thigh  . lOHTORSO  . lOHTOT  BODY  " 

READ  (9.77)  ISUB 

READ  (9.88)  ( SEGNM ( J ) . NSEGCS( J 1 . I: 1 . 19 ) 

DO  188  InRK:1.76 

188  READ  (9.99)  ( LnKNM( J. IMRK ) . J: 1 . Z ) . ( LMARK ( J . IMRK ) . J : 1 . 3 ) 

XA  :  (LMARK(1.S4)  *  LMARK  ( 1 .  S3')  >"Z . 

YA  :  (LMARK(Z.S4)  *  LMARK ( Z. S3 >> "Z. 

DELX  :  LMARK (1.34)  -  LMARK (1.33) 

DELY  :  LMARK (Z. S3)  -  LMARK (2. 34) 

DASIS  :  SORT(OELXPp2  *  DELYppZ) 

COSR  :  DELY/’DASZS 
SINR  :  OELX"DASIS 
DO  138  IMRK:1.7« 

138  CALL  FTOM  (LMARK( 1. IMRK) .LMARK(Z. IMRK) ) 

DO  Z88  Z:1.3 

288  LMARK<J.77)  :  (LMARK(J.4Z)  «  LMARK (Z. 43) > "Z . 

LMKNM(1.77)  s  18H(4Z  *  43)" 

LMKNM(Z.77)  I  18HZ 

CALL  UTITLE  (1. .PALSE. . 1) 

URITE  (6.66) 

DO  388  I  si. 38 

388  URITE  (6. SEVEN)  I . ( LMKNM ( J. I ) . Jt 1 . Z > . (LMARK ( J. I ) . J s 1 . 3 ) 

URITE  (6.33) 

call  UTITLE  (1..TRUE..1) 

URITE  (6.66) 

DO  488  IS39.77 

488  URITE  (6. SEVEN)  I . ( LMKNM ( J. I ) . Is  1 . 2 > . ( LMARK ( J . I ) .  J s 1 . 3 ) 

URITE  (6.33) 

RETURN 

S3  FORMAT  {""""Z8X.PIF  XiY:Zs8.0  THEN  POINT  UAS  NOT  OBTAINED*) 

66  FORMAT  (38X. pLANDMARKS  (UNITS:  C . G . S . ) ""Sax. pUITH  RESPECT  TO  *• 

S  pOLOBAL  AXESp""1SX. PR*. 27X. pX*. lax. pYp. IBX. pZp" ) 

77  FORMAT  (46X.I3) 

88  FORMAT  (SX.Aie.IlS) 

99  FORMAT  ( 18X. ZAia. 3Fia. Z ) 

END 
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«  subroutine  UTB134  IS  CALUCD  TO  URITE  OUT  TABLES  13  AND  14. 

C 

c 

subroutine  UT8134 

COnnON  ✓EIGEN/  TEN(ZS.3.3) 

COMflON  /AAxES/  DUnrSe4),DC0SAR(9.2S) 
connON  /NAnES/  isub. SEGNn<2S) 

REAL  NANE 

CALL  WTITLE  < 13. .EALSE. . 3) 

WRITE  (6.991 
DO  100  ISEa:1.13 

100  CALL.  TBLCOS(DCOSAP(  1 .  ISEG) .  ISEG) 

CALL  uriTLE  ( 13. . TRUE. . 3) 

URITE  <6.991 
DO  200  ISCG:14.23 

200  CALL  TBLCOS  ( BCOSAP ( 1 . ISEG 1 . ISEG 1 

CALL  UTITLE  ( 14. . EALSE. . 1 1 
URITE  (6.801 
DO  300  ISCG:1. 13 

NAHE  :  scoNridsCGi 
URITE  (6.T7I 
DO  300  Jil>3 

WRITE  (6.771  NANE. < TCN( ISEG. J. I  1 . I: 1. 31 
300  NAnC  :  lOH 

CALL  UTITLE  ( 14. . true. . 1  1 
WRITE  (6.001 
DO  408  tSE0sl4.24 

WANE  :  SEGNndSCGl 
URITE  (6.771 
DO  400  Is  1.3 

WRITE  (6.771  NAHE.  (TEHdSCG.T.Il.Isl.Sl 
400  name  :  10H 

WRITE  (6.661 
NANE  :  SEGNn(2Sl 
WRITE  (6.771 
DO  900  Is  1.3 

WRITE  (6.771  WANE. (TEN(2S.J. 11.1:1.31 
900  NANE  :  lOM 

RETURN 

66  E0RI1AT  ( //IRX.  aTOTAL  BOOTa  ) 

77  roRHAT  d4X.A0.3(Et2.B.SXl 1 

8S  EORnAT  <  18X.  aSEOflENT  INERTIAL  TENSOR  AT  SEGNENT  CENTER  07  GRAUITVa 
6  /SOX.auITM  RESPECT  TO  GLOBAL  AXESa//14X. aSEONENTSa > 

99  rORHAT  (lex.aDIRECTION  COSINES  (ANGLESl  07  SECNENT  ANATOnICAL  •. 

6  aAXESa/28x.auITH  RESPECT  TO  SEGNENT  PA  AXESa/ 

6  3XX.a(RAl  :  (DAGl  COGPl  (RP }a/14X. aSCGNENTSa/ ) 

END 
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•  subroutine  align  computes  the  direction  cosines  or  THE  SEGMENT  PRIN- 

C  CIPAL  AXES  SYSTEMS-  BY  PERMUTING  ROUS  Or  THE  MATRIX  CONTAINING  THE 

c  directions  or  the  principal  moments,  these  rous  are  permutted  so 

C  THAT  THE  RESULTING  PRINCIPAL  AXES  SYSTEM  HAS  THE  BEST  POSSIBLE 

C  ALIGNMENT  UITH  THE  CORRESPONDING  SEGMENT  ANATOMICAL  AXES  SYSTEM. 

C  THE  CHOSEN  PERMUTATION  IS  ALSO  APPLIED  TO  THE  PRINCIPAL  MOMENT 

C  VECTOR. 

C 

c  parameters 

c 

c  DAG — DIRECTION  COSINES  Or  THE  ANATOMICAL  WITH  RESPECT  TO  GLOBAL  AXES 

C  AXES. 

C  DPG — INITIALLY  THE  THREE  VECTORS  SPECirviNG  THE  DIRECTIONS  or  THE 

C  PRINCIPAL  MOMENTS.  AT  COMPLETION  Or  THE  ROUTINE  THIS  IS  THE 

C  DIRECTION  COSINE  MATRIX  Or  THE  PRINCIPAL  M.R.T  GLOBAL  AXES. 

C  DAP — DIRECTION  COSINES  Or  THE  ANATOMICAL  U.R.T.  PRINCIPAL  AXES. 

C  PMOM — THE  VECTOR  Or  PRINCIPAL  MOMENTS. 

C 

C 

subroutine  align  (dag. dpg. dap.pmomi 

real  DPGO.  3) .  DAGO.  3) .  DPA(  3. 3>  .  PMOMC  3  > .  TMOM(  3>  -  TCOS(  3.  3  >  . 

•  TC0S2(3.3).DAP(3.3l.DGA(3.3> 

INTEGER  C0L(3>< IN-R.RZ.C-CZ 

CALL  TRNSP  (DAG.DGA) 

CALL  MATMUL  ( DPG. DGA- DPA. 3 1 

C  riNO  LARGEST  COSINE  IN  EACH  VECTOR 

DO  380  1:1.3 
COL( J):l 
DO  380  K:2.3 

tr  (ABSCDPAC  J.COL( J) ) > .GC.ABSCOPAC  J.X)))  GOTO  388 

COL( J):K 
380  CONTINUE 

ir  < ISIGN<COL< I ) . 1NT(DPA<  1 . I » ) ) . CO. 1 . AND. I5I0N ( COL ( 2 ) . INT t 

*  DPA(  2.2) ) ) .C0.2.AN0. ISiaN(COL(3>. INT<DPA(  3.3))).C0.3> 

«  GOTO  368 

C  DPA  IS  NOT  properly  ALIGNED  AND  MUST  BE  ROTATED 

ir  (COL< 1 ).NE. C0L(2) . AND. C0L(2).NE.C0L<3) . AND.COLO) .NE. COL( I ) ) 
GOTO  370 

PROBLEM  SYSTEM  ENCOUNTERED.  TWO  VECTORS  APPEAR  TO  BELONG  IN  THE 
SAME  RON  or  THE  COSINE  MATRIX  BECAUSE  Or  ITS  ALIGNMENT.  THE 
rOLLOUING  SECTION  riNDS  the  best  positions  rOR  THE  VECTORS. 

INtl 

ir  (ABS(DPA<  2. C0L(2)>).GT. ABSCDPAC  l.COLCl))))  IN:2 

ir  (ABSCDPAC  3. COL(3) )). GT. ABSCDPAC  IN. COL ( IN ) ) ) )  IN:3 

R:IN 

CrCOLC IN) 

DO  90  1:1.3 
ir  (I. CO. IN)  GOTO  90 
DO  100  1:1.3 

ir  (J.EO.COLCIN))  GOTO  100 

ir  (ABSCDPACR.C) ) .LC. ABSCDPAC I. J) ) >  GOTO  108 
R:1 
C:/ 

180  continue 

90  CONTINUE 
R2:C2:0 
110  R2:R2»1 

ir  (R2.E0. IN.0R.R2.C0.R)  GOTO  110 
120  C2:C2T1 

IP  (C2.E0.C0L(IN).0R.C2.C0.C)  GOTO  120 
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C0L(R)sC2 

C0L(R2):C 

ir  (tSION(COL(l)>tNT(OPA(  1 . 1 > ) > . CO. 1 . AND. ISI6N( COL (2 ) , INT ( 

*  OPA(  2<2}>>.ea.2.AND.lSI0N<C0L(3>.INT(DPA(  3.3>)).CQ.3> 

*  GOTO  360 

C  TRANSrCR  OeCTORS  TO  PROPCR  POSITION  IN  MATRIX  (ROTATE  MATRIX) 

370  DO  415  J=l>3 

TMOM{J)sPMOM(  J) 

DO  415  Ksl,3 
TC0S2( J.K):DP0(J.K1 
415  TCOS(J.K)rDPA{  J.K) 

DO  430  1:1.3 

PMOM(  COUCH  IrTMOMd) 

DO  430  K:1.3 

DPQ ( COL ( J  > . K ) sTC0S2 ( J >  K  >  *SI6N( 1 . . TCOS  ( I. COL ( I ) >  > 

430  DPA(  C0L(J).K):TC0S(J.K)«SI0N(1..TC0S(  I.COL(I)>) 

360  CALL  TRNSP  (DP A. DAP) 

RETURN 

END 
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«  SUBROUTINE  COHBI  CONTROLS  THE  COMBINATION  OF  PRINCIPAL  MOMENTS  PND 
C  their  DIRECTIONS  FOR  COMBINED  SEGMENTS  FROM  THEIP  ELEMENTAL  SEC  ■ 

C  MCNTS. 

C 

c 

subroutine  combmi 

COMMON  ✓EIOEN-'  TEN(23.3.3) 

DO  10  NOSE  :  20.23 
DO  10  1:1.3 
DO  10  J:1.3 

10  TENCNOSE. I. J)  :  0. 

DO  100  N0SE:7.S 
100  CALL  TBODINOSE. 20) 

DO  200  NOSE: 10. 11 
200  CALL  TBOD(NOSC.21) 

DO  300  NOSE:12.13 
300  CALL  TBODTNOSE. 22) 

DO  400  NOSE: 16. 17 
400  CALL  TB0D(N0SE.23) 

DO  300  N0SE:3.3 
300  CALL  TB00(N0Se>24) 

DO  600  NOSE:!. 19 
600  CALL  TBOD(NOSE.23) 

DO  700  NOSe:20.23 
700  CALL  EIGEN  (NOSE) 

RETURN 

END 


C  SUBROUTINE  TBOD  IS  CALLED  BY  SUBROUTINE  COMBI  TO  ADD  THE  INERTIAL 
C  TENSOR  FOR  SEOMENT  NOSEI  TO  THE  INERTIAL  TENSOR  OF  SEGMENT  nOSEO 

C  BY  USE  OF  THE  PARALLEL  AMIS  THEOREM. 

C 

C 

SUBROUTINE  TBOD  (NOSEI. NOSEO) 

COMMON  MYZC0(2S. 3) .U0L(29> 

COMMON  ^EIGEN^  TEN! 23. 3. 3 ) . EIQUEC (23. 3. 3 ) . EIOR ( 23 . 3 ) 

DIMENSION  ABCBO) 

DO  100  1:1.3 

ABCB(I)  :  MYZCG(NOSEI. I)  -  XYZCOCNOSEO. I ) 

DO  300  1:1.3 
DO  300  J:1.3 

IF  (I. EG. I)  GOTO  200 

RH  :  -ABCB(I)*ABCB(J) 

GOTO  300 

IF  (I  -  2)  223.230.273 

RH  :  ABC0(2>»«2  *  ABC0(3)«a2 
GOTO  300 

RH  :  ABC0(1)*«2  *  ABC0(3)««2 
GOTO  300 

RH  :  ABCB(1)««2  *  ABCB(21««2 
TENCNOSEO. I. J)  :  TENCNOSCO. I. J)  *  TENCNOSEI. I. J) 

S  *  U0L(N08EZ)*RH 

RETURN 
END 


100 


200 

225 

250 

275 

300 
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•  Subroutine  eigen  u«s  written  by  members  of  the  afrmrl-^bbm.  it  is 

C  INCLUDED  HERE  SINCE  IT  IS  CALLED  BY  SUBROUTINE  COMBI. 

c 

c 

SUBROUTINE  EIGENCNOSE) 

COMMONxEIGEN.'  TEN(2S.  3.  31 .  EIGUECtZS.  3,  3 1 ,  EIGR (  25 . 3  1 
DIMENSION  fl(3.3).Z(3.3).0(3>.DDt3>.uR(3i.wII3> 

•  IN  THE  FOLLOWING  SUBROUTINE.  EIGCNUALUES  AND  EIGENueCTORS  OF  «  real 

•  MATRIX  ARE  COMPUTED.  THIS  IS  ACCOMPLISHED  BY  FIRST  CALLING  EBALAF 

•  TO  PRECONDITION  THE  FULL  MATRIX.  THE  RESULTANT  MATRIX  IS  THEN 

«  REDUCED  TO  UPPER  HESSENBERG  FORM  BY  CALLING  EHESSF.  EHBCKF  is 

•  THEN  Called  with  the  identity  matrix  as  input  to  obtain  the 

•  TRANSFORMATION  MATRIX  PRODUCED  IN  EHESSF  WHICH  REDUCED  THE  GENERAL 

•  MATRIX  TO  HESSENBERG  FORM.  THIS  TRANSFORMATION  MATRIX  AND  THE 

»  HESSENBERG  MATRIX  ARE  THEN  INPUT  TO  EORH3P  TO  OBTAIN  EIGENUalUES 

«  AND  EIGENUECTORS  OF  THE  HESSENBERG  MATRIX.  A  CALL  TO  EBBCKF 

«  BACXTRANSrORMS  THE  EIGENUECTORS  OF  THE  BALANCED  MATRIX  TO  FORM  THE 

«  EIGENUECTORS  OF  THE  ORIGINAL  MATRIX. 

DO  le  1:1.3 
DO  S  J:l. 3 

5  A(I.J):  TENINOSE. I. 1 1 

10  CONTINUE 

N:  3 
MM:  3 
lA:  3 
IZ:  3 

«  BALANCE  MATRIX  A  PRIOR  TO  EIGENVALUE  COMPUTATIONS 

CALL  EBALAFC A. N. lA. D.K. L ) 

•  REDUCE  balanced  MATRIX  A  TO  HESSENBERG  FORM 

CALL  EHESSFIA.X.L.N, lA. DD) 

•  SET  2  TO  the  identity  MATRIX 

DO  20  I:1.N 

DO  15  J:1.N 

ZC.J):  0.0 

IS  continue 

ZC.I):  1.0 
20  continue 

•  backtransformation  of  upper  hessengerg  matrix  to  its  original  form 

CALL  EHBCKFIZ. A.DD.N.MM. lA.K.L) 

•  COMPUTE  ALL  EIGENUALUES  OF  A  HESSENBERG  MATRIX.  THE  UECTOR5 

•  UR  AND  HI  OF  LENGTH  N  CONTAIN  THE  REAL  AND  IMAGINARY  PARTS  OF  THE 

•  EIGENVALUES.  RESPECTIVELY.  ON  OUTPUT  THE  N  BY  N  MATRIX  Z  CONTAINS 

•  THE  real  parts  of  the  EIGENUECTORS. 

CALL  EGRHSFCA.N. lA.K.L.WR.WI.Z. IZ.IER) 

•  BACKTRANSFORMATION  OF  THE  EIGENUECTORS  OF  THE  BALANCED  MATRIX  TO 

•  THOSE  OF  THE  ORIGINAL  INPUT  MATRIX. 

CALL  EBBCKFID. Z. K.L. MM.N. IZ) 

DO  30  1:1.3 

DO  23  J:1.3 

25  EIGUECCNOSE.  I.  J>:  Z(jr.I) 

30  CONTINUE 

DO  70  1:1.3 

70  EIGRCNOSE. I  1 :  UR(I) 

RETURN 

END 
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•  subroutine  WTSI.34  is  CAULCO  to  MRITE  out  tables  3  AND  *. 

c 

c 

subroutine  UTBL34 

COnnON  /'EIGEN''  TEN(223}>EIGUEC(2S.9).EISRtZS.3) 
connON  ^NAHES^  isuB/SEGNn(2Si 
real  0C05<9) 

CALL  WTITLE  ( 3. . FALSE . . 2 > 

WRITE  (6.99) 

DO  tee  I5EG:1.24 

ir  ( ( ISEG-I )/3«3.EQ. ISEG-1 )  WRITE  (6.68) 

186  WRITE  (6.88)  SECNNl ISEG ) . ( EIQRl ISEG. J > . J: 1 . 3 ) 

WRITE  <6.T?) 

WRITE  (6.88)  SE0Nn(2S). (EIGR(2S. J>. J:1.3) 

WRITE  (6. S3) 

CALL  WTITLE  ( 4. . F ALSE . . 1 ) 

WRITE  (6.66) 

DO  288  ISEG:1.13 
DO  198  Jsl.9 

198  OCOS(J)  :  EiauEC( ISEG. J) 

288  CALL  TBLCOS  (DCOS.ISEG) 

CALL  WTITLE  (4.. TRUE.. 1) 

WRITE  (6.66) 

DO  388  ISEG: 14. 2S 
DO  298  J:1.9 

298  DCOS(J)  =  EIGUECdSEG.  J) 

388  CALL  TBLCOS  (DCOS.ISEG) 


5S 

66 


7? 

88 

99 


return 

FORDAT  (//////14X,  ASSIGNED  ACCORDING  TO  SEGMENT  ANATO.  AXES") 
FORMAT  (IBX.aDIRECTION  COSINES  (ANGLES)  OF  SEGMENT  RRINCIRAL  AXES* 
6  /Sex.aWITH  RESRECT  TO  GLOBAL  AXES«/’34X.  ■  ( RR )  :  CDRGl  (RG)> 

6  /’14X.  «SE0MENTS4/) 

FORMAT  (///lAX.  »TOTAL  BODY*/) 

FORMAT  (14X.AS.3<F16.e. IX) ) 

FORMAT  ( 16X. •SEGMENT  RRINCIRAL  MOMENTS  OF  INERTIA  (UNITS:  C.G.S.)» 
6  /'31X.a(RM)  :  CDRGI  (IG)  C  DGPl*/'.''' ISX.  kNAME*.  14x.  SHIRK  «. 

6  lex.SMIRY  •.12X.SMIR2  •//'14X.  •SEGMENTS*  ) 

END 


C  SUBROUTINE  FTOM  IS  USED  TO  CONVERT  X.Y  COORDINATES  TO  THE  ADJUSTED 

c  global  axes  system. 

c 

c 

SUBROUTINE  FTOM  (XF.YF) 

COMMON  /'TRANSx  XA,  YA.  COSR .  SINR 

xe  s  XF  -  XA 

YB  s  YF  -  YA 

XF  s  C0SR»X8  ♦  SINR* YB 

YF  :-SINR*xe  ♦  C0SRAY8 

RETURN 

END 
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APPENDIX  I 

SAI^PLE  OF  RESULTS  CALCULATED  BY  PROGRAIl  IMPED 


TABLE  »  1  SUBJECT  11  OLOBAL  AXES 


LANDHARKS  (UNITS:  C.S.S.) 
WITH  RESPECT  To  OLOBAL  AXES 


a 

X 

Y 

2 

1 

nuchale 

-16.78 

.22 

156.65 

2 

CERUICALE 

-15.21 

.27 

147.42 

3 

LEFT  ACROnZALE 

-14.52 

18.82 

139.72 

4 

RIGHT  ACROHIALE 

-12.77 

-18.43 

139.49 

5 

LEFT  POS  SCYE 

-19.34 

15.38 

128.63 

6 

RIGHT  POS  SCYE 

-17.72 

-15.58 

128.41 

7 

lOTH  RZBniOSPZHE 

-16.58 

.45 

188. 13 

a 

POS  SUP  ILIAC  MS 

-18.37 

.81 

181.82 

9 

L  MED  HUM  CP I CON 

-8.38 

19.25 

188.85 

la 

R  MED  HUM  EPICON 

-6.40 

-18.58 

186.82 

11 

L  LAT  HUM  EPICON 

-14.39 

23.83 

189.89 

12 

R  LAT  HUM  EPICON 

-12.33 

-23.65 

189.16 

13 

LEFT  OLECRANON 

-13.08 

19.68 

188.79 

14 

RIGHT  OLECRANON 

-11.43 

-18.86 

187,97 

IS 

LEFT  RAOIALE 

-13.78 

23.83 

188.06 

16 

RIGHT  RADIALE 

-12.84 

-23.67 

187.17 

tr 

L  GLUTEAL  FOLD 

-19.79 

7.58 

77.81 

18 

R  GLUTEAL  FOLD 

-19.95 

-8.8? 

77,71 

19 

L  ULNAR  STYLOID 

-11.32 

31.37 

85.27 

20 

R  ULNAR  STYLOID 

-8.79 

-31.86 

84.37 

21 

L  RADIAL  STYLOID 

-11.65 

37.83 

86.53 

22 

R  RADIAL  STYLOID 

-8.66 

-36.68 

86. 14 

23 

L  metacarpale  n 

-11.82 

41.17 

79.12 

24 

R  metacarpale  II 

-7.4? 

-41.83 

79. 19 

2S 

L  METACARPALEIII 

-12.81 

38.81 

77.35 

26 

R  METACARPALEIII 

-7.86 

-38.24 

77.86 

27 

L  metacarpale  U 

-9.24 

33.26 

77.97 

28 

R  METACARPALE  U 

-5.73 

-33.48 

77.21 

29 

LEFT  OACTYLION 

-18.29 

48.59 

67.99 

30 

RIGHT  OACTYLION 

-5.45 

-41.44 

67.85 

31 

L  POS  CALCANEUS 

-28.81 

12.62 

1.22 

32 

R  POS  CALCANEUS 

-28. 74 

-12.57 

1.21 

33 

HEAD  CIRC 

.42 

.59 

165.68 

34 

SELL ION 

.98 

.77 

161.99 

35 

L  INFRAORBITALE 

-.78 

4.88 

168.31 

36 

R  INFRAORBITALE 

-.63 

.17 

168. 12 

37 

LEFT  TRAGI ON 

-8.14 

7.57 

158.84 

38 

RIGHT  TRAOION 

-7.77 

-6.75 

158.80 

IF  XsYsZsO.a  THEN 

POINT  HAS 

NOT  OBTAINED 
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TAILC  ■  1  (CONTINUED)  SUBJECT  11 


global  axes 


LANDNARKS  (UNITS:  C.G.S.) 

WITH  RESPECT  TO  GLOBAL  AXES 

a  X  y  z 


38 

left  GONION 

-7.83 

6.88 

153. 10 

40 

right  GONION 

-6.03 

-5. 19 

153. 16 

41 

niO  THVROIO  CART 

-4.51 

.62 

146.85 

42 

LEFT  CLAWICALE 

-5.88 

3.34 

142.83 

43 

RIGHT  CLAUICALE 

-4.01 

-2. 13 

142.76 

44 

suprasternale 

-4.12 

.66 

141.59 

45 

left  ant  SCYE 

-7.41 

16.13 

128.26 

46 

RIGHT  ANT  SCYE 

-5.90 

-15. 12 

128.42 

47 

LEFT  BUSTPOINT 

5.62 

18.57 

125.04 

48 

RIGHT  BUSTPOINT 

6.64 

-8.51 

124.75 

49 

LEFT  10TH  RIB 

-9.07 

13.  10 

109.11 

58 

RIGHT  18TH  RIB 

-9.85 

-12.72 

188.98 

51 

L  ILIOCRtSTALE 

-8.83 

15.31 

184.91 

52 

R  ILIOCRI STALE 

-0.66 

-14.26 

186.39 

53 

LEFT  ASIS 

.80 

12.67 

94.72 

54 

RIGHT  ASIS 

.00 

-12.67 

95.27 

55 

SYMPHYSION 

1.88 

.37 

86.95 

56 

L  TROCHANTER I ON 

-0.14 

17.85 

88.81 

57 

R  trochanter I ON 

-9. 16 

-18.38 

89.87 

58 

L  LAT  FEN  CONDYL 

-13.80 

14.51 

48.81 

55 

R  LAT  FEN  CONDYL 

-11.98 

-15.32 

48.67 

68 

L  NED  FEN  CONDYL 

-14.47 

3.23 

47.38 

61 

R  NED  FEN  CONDYL 

-12.10 

-3.96 

47.29 

62 

LEFT  TIBIALE 

-13.23 

5.16 

44.33 

63 

RIGHT  TIBIALE 

-11.56 

-5.57 

44.28 

64 

LEFT  FIBULARC 

-16.13 

IS.  14 

44.31 

65 

RIGHT  FIBULARE 

-13.89 

-15.69 

44.53 

66 

L  LAT  NALLEOLUS 

-16.16 

15.72 

7.24 

67 

R  LAT  NALLEOLUS 

-16.74 

-15.28 

7.88 

68 

LEFT  SPHYRION 

-12.70 

18.81 

6.71 

69 

RIGHT  SPHYRION 

-13.23 

-9.88 

6.31 

78 

L  NETATARSAL  I 

-2.34 

9.45 

2.33 

71 

R  NETATARSAL  I 

-1.92 

-9.11 

2.27 

7Z 

L  NETATARSAL  U 

-4.89 

18.57 

.90 

73 

R  NETATARSAL  U 

-4.69 

-18.86 

.68 

74 

LEFT  TOC  II 

3.71 

13.78 

.12 

75 

RIGHT  TOC  II 

4.84 

-13.92 

.40 

76 

CROTCH  SENSOR 

-5.33 

.87 

79.28 

77 

(42  4  43)/2 

-4.95 

.68 

142.88 

IF  XsY:Zs8.8  THEN 

POINT  MAS 

NOT  08TA1NCD 
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TABLE  a  Z 


SUBJECT  tl 


GLOBAL  AXES 


uoluhe  and  center  or  grauity  (units:  c.g.s.) 

WITH  RESPECT  TO  GLOBAL  AXES 


NAME 

UOLUME 

X  UOL. 

X  C.G. 

Y  C.G. 

Z  C.G. 

SEGMENTS 

HEAD 

disa. 8 

5.53 

-8.59 

.19 

162.32 

NECK 

esi.2 

1.  13 

-9.  17 

.  33 

150. 25 

THORAX 

20784.7 

27.  S9 

-9.49 

.  30 

126.31 

ABDOMEN 

609.3 

1.08 

-7.61 

.17 

107.41 

PELUIS 

11309.7 

15.07 

-8.96 

-.00 

97.20 

RU  ARM 

1027.1 

2.43 

-10.66 

-19. 16 

122.27 

Rr  ARM 

1044.9 

1 . 39 

-8.46 

-26.94 

98.52 

R  HAND 

426.0 

.  57 

-6.43 

-36.91 

80.51 

LU  ARM 

17SS.6 

2.34 

-12.57 

19.60 

123.34 

Lr  ARM 

1108.0 

1.48 

-11.03 

27.47 

99.54 

L  HAND 

414.4 

.55 

-10. 11 

37.03 

80.  44 

R  FLAP 

44S6.e 

5.94 

-10.46 

-9.  79 

84.71 

R  THI-r 

6529. 5 

0.70 

-10.23 

-9.62 

66.  22 

R  CALr 

3809.0 

5.08 

-15.47 

-11.54 

31 . 83 

R  FOOT 

792.  1 

1.06 

-9.85 

-12.80 

2.64 

L  FLAP 

4888. 1 

5.34 

-10,90 

9.  17 

84.52 

L  TMl-F 

6463.9 

0.61 

-11.24 

9.12 

66.05 

L  calf 

3754.4 

5.00 

-17.00 

11.21 

31.78 

L  FOOT 

819.2 

1.69 

-9,85 

13.28 

2.64 

R  FARM*H 

1470.9 

1.96 

-7.87 

-29.83 

93.31 

L  FARM+H 

1522.4 

2.03 

-10.78 

30.07 

94.34 

R  THIGH 

18986.3 

14.64 

-10.32 

-9.69 

73.72 

L  thigh 

18472.0 

13.96 

-11.11 

9.  14 

73.  12 

TORSO 

32823.6 

43.74 

-9.26 

.  16 

115.81 

TOTAL  BODY 

TOT  BODY 

75035.3 

100.00 

-10.46 

-.06 

95.21 
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TABLE  n  3 


SUBJECT  11 


PRINCIPAL  AXES 


SEGMENT  PRINCIPAL  MOMENTS  OP  INERTIA  (UNITS:  C.G.S.) 


(PM)  : 

CDPGI  (IG>  CDGP] 

NAME 

IPX  » 

1  IPY  « 

IP2  « 

SEGMENTS 

HEAD 

NECK 

THORAX 

19467S. 

12211. 

332435S. 

218758. 

15539. 

2728775. 

141101 

17158 

2139169 

ABDOMEN 

PELUIS 

RU  ARM 

41754. 

lessaea. 

123687. 

23441. 

744782. 

128131. 

64332 

1277788 

22251 

Rr  ARM 

R  HAND 

LU  ARM 

48546. 

11754. 

189688. 

46825 . 

9958. 

114834. 

8488 

2871 

22874 

LF  ARM 

L  HAND 

R  FLAP 

56638. 

18829. 

172222. 

54392. 

9168. 

228178. 

9245 

2688 

294638 

H  THl-F 

R  calf 

R  FOOT 

592142. 

489676. 

6478, 

618984. 

493872. 

38831 . 

254951 

66638 

38978 

L  FLAP 

L  THI-F 

L  CALF 

145481. 

596152. 

488414. 

195299. 
686791 . 
484867 . 

251655 

249878 

65156, 

L  FOOT 

R  FARM+M 

L  FARM+H 

6858. 

189613. 

285136. 

31638. 

186485. 

281561. 

32535 

11478. 

12869, 

R  THIGH 

L  THIGH 
TORSO 

1662969. 

1577395. 

18663183. 

1748388. 

1649121. 

9748355. 

552888. 

586953. 

3588528. 

TOTAL  BODY 

TOT  BODY 

115359887. 

187614476. 

12518667. 

«  ASSIGNED 

ACCORDING  TO 

SEGMENT  ANATO.  AXES 
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TABLE  n  4 


SUBJECT  11  GLOBAL  AXES 


DIRECTION 


SEGMENTS 


COSINES  (ANGLES)  Or  SEONENT  PRINCIPAL  AXES 
WITH  RESPECT  TO  GLOBAL  AXES 
(RP)  :  COPGI  (RG) 


HEAD 

.  76096  ( 

40.3) 

. i2ai9< 

03.1) 

. 63736 ( 

50.4) 

14456( 

98.3) 

. 90940 ( 

0.4) 

-. 01398( 

90.8) 

-.6324e( 

129.2) 

-.00133( 

94.7) 

. 77027 ( 

39.6) 

NECK 

.aasai( 

33.4) 

. 11315( 

83.5) 

-. 53847 ( 

122.6) 

laaesc 

93.9) 

.993491 

6.3) 

. 03046 ( 

87.1) 

.  34068  ( 

37.3) 

.01204( 

09.3) 

.a4113( 

32.7) 

THORAX 

.97343  ( 

12.7) 

.02130( 

88.8) 

.21926( 

77.3) 

-:.ai333( 

90.8) 

.999201 

2.3) 

-. 83777 ( 

92.2) 

-.2190e( 

102.7) 

.03a92( 

88.1) 

. 97494 ( 

12.9) 

ABDOMEN 

1 .80000 < 

.  1 ) 

-.00106( 

90.1) 

-. 00053 ( 

90.0) 

.00106( 

89.9) 

1. 00000 < 

.1) 

. 08044 ( 

98.0) 

.00033 ( 

90.0) 

-. 00044 ( 

90.0) 

1. 00000 ( 

.0) 

PELUIS 

. 94940 ( 

10.3) 

-.036961 

92.1) 

.31190( 

71.8) 

. 04096 ( 

87.7) 

.99914( 

2.4) 

-. 08629 ( 

98.4) 

-.31140( 

188.1) 

. 81874 ( 

80.9) 

.95010( 

18.2) 

RU  ARM 

. 90000 ( 

0.9) 

-.06019( 

93.9) 

. 13800 ( 

82.1) 

.0Ot93( 

03.3) 

. 99196 ( 

7.3) 

-. 09645 ( 

95.5) 

-.13032( 

97.5) 

.1066e( 

83.9) 

. 98572 ( 

9.7) 

Rr  ARM 

. 93570 ( 

20.6) 

-.29030(106.9) 

. 19901 ( 

70.5) 

. 34984 ( 

69.3) 

. 83533 ( 

33.3) 

-.42364( 

113.1) 

-. 04300 ( 

92.3) 

.466331 

62.2) 

. 88332 ( 

27.9) 

R  HAND 

. 99420 ( 

6.1) 

.03015( 

86.7) 

. 08957 ( 

84.9) 

-.812S4( 

90.7) 

.  89650 ( 

26.3) 

-. 44207 ( 

116.3) 

-.18606( 

96.1) 

. 43921 ( 

63.9) 

.09?10( 

26.9) 

LU  ARM 

. 93370 ( 

17.3) 

. 23706 ( 

73.1) 

. 15564 ( 

81.0) 

-.27312< 

103.9) 

. 93733 < 

16.0) 

. 09224 ( 

84.7) 

-. 12332 ( 

97.2) 

-. 13049( 

97.5) 

. 90350 ( 

18.4) 

LF  ARM 

.  92231  ( 

22.7) 

. 35040 ( 

69.5) 

. 16297 ( 

00.6) 

-. 30637 ( 

112.7) 

. 82773 ( 

34.1) 

. 40688 ( 

66.0) 

. 00768 ( 

09.6) 

-.43024(116.0) 

. 09003 ( 

26.8) 

L  HAND 

. 99931 ( 

1.0) 

.0132e( 

09.2) 

. 02036 ( 

00.4) 

02207 ( 

91.3) 

. 92023 ( 

21.0) 

.37130( 

68.2) 

-.02139( 

91.2) 

-.37177(111.8) 

. 92000 ( 

21.9) 

R  FLAP 

. 90933 ( 

0.3) 

-.14243( 

90.2) 

. 02234 ( 

08.7) 

. 14308 ( 

01.7) 

.96145( 

16.0) 

-. 23443 ( 

103.6) 

.81 192 ( 

09.3) 

. 23321 ( 

76.4) 

. 97187 ( 

13.6) 

R  THl-F 

. 90783 ( 

0.9) 

-.01033( 

91.1) 

-. 13446 ( 

90.9) 

. 02396 ( 

00.3) 

. 99060 ( 

3.8) 

.04614( 

07.4) 

. 13330 ( 

01.2) 

-.04999( 

92.0) 

. 90692 ( 

9.3) 
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table  »  4  (CONTINUED) 


SUBJECT  11 


clobal  axes 


DIRECTION  COSINES  (ANGLES)  OF  SEGHENT  PRINCIPAL  AXES 
WITH  RESPECT  TO  GLOBAL  AXES 
(RP)  :  COPGI  (R6) 


SCGNENTS 


R  CALF 

R  FOOT 

L  FLAP 

L  THI-F 

L  CALF 

L  FOOT 

R  FARfl-^H 

L  FARM+H 

R  THIGH 

L  THIGH 

TORSO 

TOTAL  BODY 
TOT  BODY 


96478 ( 

15.3) 

. 24985 ( 

75.6) 

-.884731 

94.9) 

25376 ( 

184.7) 

. 96596 ( 

15.8) 

-.858281 

92.9) 

86935 ( 

86.8) 

. 86993 ( 

86.8) 

.995141 

5.7) 

98865 ( 

8.6) 

-. 85376 ( 

93.1) 

148381 

98.1) 

11497( 

83.4) 

.87 187 ( 

29.3) 

. 476861 

61.6) 

89673 ( 

84.4) 

-. 48678 ( 

119. 1 ) 

.868151 

29.8) 

96868 ( 

14.4) 

. 24426 ( 

75.9) 

.846281 

87.3) 

24835 ( 

184.4) 

.94212( 

19.6) 

.225231 

77.0) 

81141( 

89.3) 

-. 22965 ( 

183.3) 

.973211 

13.3) 

95367 ( 

17.5) 

.286351 

78.1) 

-.218921 

102.6) 

28964 ( 

182.1 ) 

.977741 

12.1) 

.888381 

89.5) 

21S78( 

77.5) 

. 83798 ( 

87.8) 

.975711 

12.7) 

99758 ( 

4.1) 

-. 86481 ( 

93.7) 

-.828141 

91.6) 

06725 ( 

86. 1 ) 

.993861 

6.8) 

.896491 

84.5) 

82169( 

88.8) 

-.898141 

95.6) 

. 994941 

5.8) 

99833 ( 

8.8) 

.848551 

87.2) 

-. 129951 

97.5) 

18893( 

95.8) 

.894811 

26.5) 

-.434891 

115.8) 

e9S16( 

84.5) 

. 44381 1 

63.7) 

.891861 

27.0) 

98252 ( 

18.7) 

-.184581 

96.8) 

. 153981 

81.1) 

16492 ( 

88.5) 

.872641 

29.2) 

-.459681 

117.4) 

88629 ( 

95.8) 

.477841 

61.5) 

.874641 

29.0) 

97169( 

13.7) 

. 197411 

78.6) 

. 129881 

82.5) 

23437 ( 

183.6) 

.874751 

29.8) 

.424131 

64.9) 

82982 ( 

91.7) 

-.442551 

116.3) 

.896251 

26.3) 

99288 ( 

6.8) 

-.112181 

96.4) 

-.848071 

92.3) 

11344( 

83.5) 

.993881 

6.7) 

. 83842 1 

88.3) 

83638 ( 

87.9) 

-.834751 

92.8) 

.998731 

2.9) 

97425 ( 

13.8) 

.287471 

78.8) 

-.888241 

95.1) 

28894 ( 

182.1) 

.977981 

12.1) 

-.807741 

90.4) 

88468 ( 

85.1) 

.825971 

88.5) 

. 99687 1 

5.1) 

99983 ( 

2.5) 

-.888181 

98.8) 

.044881 

87.5) 

88878 < 

98.8) 

.999891 

.8) 

-.814601 

98.8) 

84399 ( 

92.5) 

.814621 

89.2) 

.990921 

2.7) 

.998381 

3.3) 

.842821 

87.5) 

-.837541 

92.2) 

-.842991 

92.5) 

.999871 

2.5) 

-.083871 

98.2) 

.837341 

87.9) 

.885471 

89.7) 

.999291 

2.2) 
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table  n  s 


SUBJECT  It 


OLOBAL  AXES 


ORIGIN 

OF  segment 

ANATOMICAL  AXES 

UITH 

RESPECT  TO 

GLOBAL  AXES 

SEG 

X 

Y 

Z 

HEAD 

-7.S6 

.55 

158.82 

NECK 

-15. 2t 

.27 

147.42 

tmoaax 

-16.58 

.45 

188.13 

ABDOMEN 

-9.86 

.45 

189.85 

PELOIS 

.88 

-.  12 

95.88 

RU  ARM 

-12.77 

-18.43 

139.49 

Rr  ARM 

-12.84 

-23.67 

187.17 

R  HAND 

-6.81 

-38.12 

78.44 

LU  ARM 

-14.52 

18.82 

139.72 

Lr  ARM 

-13.78 

23.83 

188.86 

L  HAND 

-18.35 

38.19 

78.69 

R  FLAP 

-9.  16 

-18.38 

89.87 

R  THI-F 

-9.16 

-18.38 

89.87 

R  CALF 

-11.56 

-5.57 

44.28 

R  FOOT 

-2.28 

-13.73 

1.48 

L  FLAP 

-8.14 

17.85 

88.81 

L  THI-F 

-8.14 

17.85 

88.81 

L  CALF 

-13.23 

5.16 

44.33 

L  FOOT 

-2.55 

13.62 

1.71 

R  FARHTH 

-12.84 

-23.67 

187. 17 

L  FARM-»H 

-13.78 

23.83 

188.86 

R  THIGH 

-9.16 

-18.38 

89.87 

L  THIGH 

-8.14 

17.85 

88.81 

TORSO 

.88 

-.12 

95.88 

TOTAL  BODY 

TOT  BODY 

.88 

-.12 

95.88 
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TABLC  •  6 


SUBJECT  11 


ULOBAL  AXES 


DIRECTION  COSINES  (ANGLES)  Or  SEGMENT  ANATOMICAL  AXES 
WITH  RESPECT  TO  GLOBAL  AXES 


(RA)  :  CDAGI  (R6> 

SEGMENTS 


HEAD 

. 98424 ( 

18.2) 

. 82469 ( 

80.6) 

. 17512( 

79.9) 

-.02SS3( 

91.9) 

. 99967 ( 

1.9) 

. 88279 ( 

89.8) 

-.17988(188.1) 

-. 88722 ( 

90.4) 

. 98454 ( 

10.  1 ) 

NECK 

.91117( 

24.3) 

. 83222 ( 

80.2) 

-.41877(114.3) 

-. 83263 ( 

91.9) 

. 99949 ( 

1.9) 

. 88688 ( 

89.7) 

.4ia74( 

69.7) 

. 88793 ( 

89.5) 

.91172( 

24.3) 

THORAX 

. 99889 ( 

2.8) 

. 83296 ( 

88.1) 

-. 83487 ( 

92.8) 

-. 83279 ( 

91.9) 

. 99945 ( 

1.9) 

. 88572 ( 

B9.7) 

. 83984 ( 

88.8) 

- . 88497 ( 

98.3) 

. 99938 ( 

2.8) 

ABDOMEN 

. 99266 ( 

6.9) 

. 88889 ( 

98.8) 

. 12096( 

83.1) 

-. 88867 ( 

98.8) 

. 99999 ( 

.3) 

. 88584 ( 

89.7) 

12896 ( 

96.9) 

-. 88988 ( 

98.3) 

. 99264 ( 

7.0) 

PCLUIS 

. 97979 ( 

12.6) 

. 88479 ( 

89.7) 

. 21889 ( 

77.4) 

. 88888 ( 

98.8) 

. 99976 ( 

1.2) 

-.82169( 

91.2) 

-.21898(182.6) 

.02tl7( 

88.8) 

. 97552 ( 

12.7) 

RU  ARM 

. 67432 ( 

47.6) 

-.72681(136.6) 

.13495( 

82.2) 

. 73838 ( 

42.4) 

. 66639 ( 

48.2) 

-. 10409( 

96.8) 

-.81436( 

98.8) 

. 16983( 

88.2) 

. 98937 ( 

9.8) 

RF  ARM 

. 99872 ( 

7.8) 

.87124( 

89.9) 

. 11575( 

83.4) 

-. 82769 ( 

91.6) 

. 93999 ( 

28.0) 

-.34129(118.0) 

-.13a87( 

97.6) 

. 33492 ( 

78.4) 

. 93280 ( 

21  1) 

R  HAND 

.96819( 

14.9) 

-.17441(188.8) 

. 17943 ( 

79.7) 

.21972( 

77.9) 

.949 14 ( 

19.1) 

-.24538(184.2) 

-. 1268e( 

97.3) 

. 27628 ( 

74.8) 

. 99270 ( 

17.7) 

LU  ARM 

.62612( 

91.2) 

. 76849 ( 

39.8) 

.13192( 

02.4) 

-.77972(141.2) 

.61799( 

91.0) 

. 18066( 

04.2) 

-.88416( 

98.2) 

-.16S89( 

99.5) 

. 98614 ( 

9.6) 

LF  ARM 

. 99268 ( 

7.8) 

.83139. 

80.2) 

. 11731( 

83.3) 

-.86632( 

93.8) 

. 94934 ( 

18.3) 

.30716( 

72.1) 

-.18173( 

99.8) 

-.31267(188.2) 

. 94440 ( 

19.2) 

L  HAND 

.  97981  ( 

12.6) 

.212e3( 

77.8) 

. 85321 ( 

86.9) 

-.21793(182.6) 

. 96990 ( 

19.8) 

. 14843( 

81.9) 

-.02162( 

91.2) 

-. 14861 ( 

98.9) 

. 98866 ( 

8.6) 

R  FLAP 

. 99766 ( 

3.9) 

. 88987 ( 

89.5) 

-. 86771 ( 

93.9) 

-. 80482 ( 

90.2) 

.99723( 

4.3) 

. 07438 ( 

89.7) 

. 86828 ( 

86.1) 

-.87386( 

94.2) 

. 99493 ( 

9.8) 

R  THI-F 

. 99766 ( 

3.9) 

. 88907 ( 

89.9) 

-. 86771 ( 

93.9) 

-. 88482 ( 

98.2) 

.997231 

4.3) 

. 07438 ( 

89.7) 

. 86828 ( 

86.1) 

-.07386( 

94.2) 

. 99493 ( 

9.8) 

tabus  n  &  (CONTINUCO)  SUBJECT  IJ 


QLOBAU  AXES 


DIRECTION  COSINES  (ANOLES)  OE  SEONENT  ANATONZCRL  AXES 
WITH  RESRECT  TO  GLOBAL  AXES 
(RA)  :  tOAGl  (RG) 


segments 


R 

CALE 

. Brass ( 

29.4) 

-.49127(119.4) 

. 88697 ( 

89.6) 

.48S36( 

68.7) 

.B6616( 

38.8) 

-. iai4a( 

95.8) 

. 04382 ( 

87.5) 

.8918a( 

84.7) 

. 99481 ( 

5.8) 

R 

EOOT 

. SS78G  < 

3.7) 

-.862t2( 

93.6) 

.81445( 

89.2) 

. 85888 ( 

86.6) 

. 98391 ( 

18.3) 

. isarec 

8a. 3) 

-.a247e( 

91.4) 

-. 16751 ( 

99.6) 

. 98556 ( 

9.7) 

L 

ELAP 

.88574 < 

8.2) 

-. 84284 ( 

92.4) 

13657( 

97.8) 

. 83823 ( 

88.3) 

. 99571 ( 

5.3) 

-. 88742 ( 

95.8) 

. 13966 ( 

82.8) 

. 88239 ( 

85.3) 

. 98677 ( 

9.3) 

L 

THI-E 

. 98974 ( 

8.2) 

-. 84284 ( 

92.4) 

-. 13657( 

97.8) 

. 83823 ( 

88.3) 

. 99571 ( 

5.3) 

-. 88742 t 

95.8) 

. 139a6( 

82.8) 

. 88239 ( 

85.3) 

. 98677 ( 

9.3) 

L 

CALE 

. 85596 ( 

31.1) 

.5tlt4( 

59.3) 

. 87792 ( 

85.5) 

-.516851 

121.1) 

. 84996 ( 

31.8) 

. ia2i8( 

84.1) 

-.ai4a4( 

98.8) 

-. 12766( 

97.3) 

.99172( 

7.4) 

L 

EOOT 

.99ai5( 

3.5) 

. 85462 ( 

86.9) 

. 82673 ( 

88.5) 

-.8sai2( 

92.9) 

. 98787 ( 

8.9) 

-. 14699( 

98.5) 

-.a3444( 

92.8) 

.14S38( 

81.6) 

. 98878 ( 

8.6) 

R 

FARNTH 

. 99872 ( 

7.8) 

. 87124 ( 

85.9) 

.11575( 

83.4) 

-. 82769 < 

91.6) 

. 93955 ( 

28.8) 

-.34129( 

118.8) 

13387 < 

97.6) 

. 33492 ( 

78.4) 

. 93288 ( 

21.1) 

L 

EARN+H 

. 99268 ( 

7.8) 

.83139( 

88.2) 

.  iirsK 

83.3) 

-.86632< 

93.8) 

. 94934 ( 

18.3) 

.38?16( 

72.1) 

-.iei73< 

95.8) 

-.31267(188.2) 

.944481 

19.2) 

R 

THIGH 

. 99766 ( 

3.9) 

. 88987 ( 

89.5) 

-. 86771 ( 

93.9) 

-. 88482 ( 

98.2) 

. 99723 ( 

4.3) 

. 87438 ( 

85.7) 

. 86828 ( 

86.1) 

-.87386( 

94.2) 

. 99493 ( 

5.8) 

L 

THIGH 

. 99974 < 

8.2) 

-. 84284 ( 

92.4) 

-. 13657 ( 

97.8) 

. 83823 ( 

88.3) 

. 99571 ( 

5.3) 

-. 88742 ( 

95.8) 

.13966( 

82.8) 

. 88239 ( 

85.3) 

. 98677 ( 

9.3) 

TORSO 

.975751 

12.6) 

. 88475 ( 

89.7) 

.2188S( 

77.4) 

. 88888 ( 

98.8) 

. 99976 ( 

1.2) 

-.82169( 

91.2) 

-.21898(182.6) 

.821 17 ( 

88.8) 

. 97552 ( 

12.7) 

TOTAL  BODY 

TOT  BODY  . 97375 (  12.6) 

. 88475 ( 

89.7) 

. 218851 

77.4) 

.888881  98.8) 

. 99976 ( 

1.2) 

-.821691 

91.2) 

-.21898(182.6) 

.82tl7( 

88.8) 

.975521 

12.7) 

TABLE  » 


7 


SUBJECT  11 


SEGMENT  PA  AXES 


SEGMENT  LANDMARKS  AND  ANATOMICAL  SYS.  ORIGIN 
WITH  RESPECT  TO  SEGMENT  PA  AXES 


It 

X 

Y 

Z 

AXES  OEriNITION  POINTS 

SEGMENT 

HEAD 

37 

LEFT  TRAGI ON 

-.98 

7. 28 

-3.57 

38 

RIGHT  TRAGION 

-Z.45 

-6.94 

-2.66 

36 

R  INFRAORBITALE 

4.66 

-1.14 

-6.73 

37 

LEFT  TRAGION 

-.98 

7.28 

-3.57 

38 

RIGHT  TRAGION 

-2.45 

-6.94 

-2.66 

34 

SELL ION 

7.  15 

-.81 

-6.35 

LANDMARKS 

1 

NUCHALE 

-9.84 

1.29 

.81 

34 

SELL I ON 

7.15 

-.81 

-6.35 

36 

R  INFRAORBITALE 

4.66 

-1.14 

-6.73 

37 

LEFT  TRAGION 

-.98 

7.28 

-3.57 

38 

RIGHT  TRAGION 

-Z.45 

-6.94 

-2.66 

39 

LEFT  GONION 

-3.99 

5.65 

-8.56 

48 

RIGHT  GOHION 

-5.14 

-5.45 

-7.  73 

ANATOMICAL  SYSTEM  ORIGIN 

a 

-1.78 

.31 

-3.12 

AXES  OEriNITION  POINTS 

SEGMENT  neck 

41 

MID  THYROID  CART 

5,75 

-.36 

-.34 

2 

CERUICALE 

-3.53 

.41 

-5.65 

44 

SUPRASTERNALE 

8.91 

-.62 

-4.55 

77 

(4Z  7  43)/Z 

7.57 

-.54 

-3.99 

Z 

CERUICALE 

-3.53 

.41 

-5.65 

Z 

CERUICALE 

-3.53 

.41 

-5.65 

LANDMARKS 

1 

NUCHALE 

-9. 82 

,99 

1.26 

Z 

CERUICALE 

-3.53 

.41 

-5.65 

39 

LEFT  GONION 

.89 

5.56 

3.6Z 

48 

RIGHT  GONION 

-.24 

-5.58 

3.64 

41 

MID  THYROID  CART 

5.75 

-.36 

-.34 

4Z 

LEFT  CLAUICALE 

7.75 

Z.Z8 

-4.88 

43 

RIGHT  CLAUICALE 

7.39 

-3.27 

-3.98 

44 

SUPRASTERNALE 

8.91 

-.62 

-4.55 

ANATOMICAL  SYSTEM  ORIGIN 

8 

-3.53 

.41 

-5.65 
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TABLE  «  7  (CONTINUES)  SUBJECT  11 


SEONENT  PA  AXES 


SEGMENT  LANDMARKS  AND  ANATOMICAL  SYS.  ORIGIN 
WITH  RESPECT  TO  SEGMENT  PA  AXES 

a  X  y  Z 


AXES  DEFINITION  POINTS  SEGMENT  THORAX 


44 

SUPRASTERNALE 

8.59 

-.28 

13.73 

2 

CERUICALE 

-.95 

-.75 

21.84 

7 

laTH  RIBMIDSPINE 

-ia.90 

.93 

-16. IS 

2 

CERUICALE 

-.95 

-.75 

21.84 

7 

laTH  RIBMIDSPINE 

-10.9a 

.93 

-16.19 

7 

ISTH  RIBMIDSPINE 

-10. 9a 

.93 

-16. IS 

LANDMARKS 

2 

CERUICALE 

-.9S 

-.75 

21.84 

3 

LEFT  ACROMIALE 

-1.57 

18.86 

14.81 

4 

RIGHT  ACROMIALE 

-.71 

-19.16 

12.94 

S 

LEFT  POS  SCYE 

-0.79 

15.83 

4.94 

S 

RIGHT  POS  SCYE 

-7.9a 

-15.83 

3.32 

7 

laTH  RIBMIDSPINE 

-10.90 

.93 

-16. IS 

42 

LEFT  CLAUICALE 

7.98 

2.36 

IS. 25 

43 

RIGHT  CLAUICALE 

a.  12 

-3.11 

14.93 

44 

SUPRASTERNALE 

8.59 

-.28 

13.73 

45 

LEFT  ANT  SCYE 

2.79 

15.72 

1.99 

4S 

RIGHT  ANT  SCYE 

3.03 

-15.53 

.75 

4S 

LEFT  laTH  RIB 

-3.89 

13.44 

-16.42 

sa 

RIGHT  ISTH  RIB 

-3.  as 

-12.35 

-17.43 

ANATOMICAL  SYSTEM  ORIGIN 

a 

-ia.98 

.93 

-16.15 

AXES  DEFINITION  POINTS 

SEGMENT  abdomen 

49 

LEFT  ISTH  RIB 

-1.40 

12.93 

1.78 

sa 

RIGHT  ISTH  RIB 

-1.43 

-12.88 

1.58 

7 

ISTH  RIBMIDSPINE 

-8.97 

.27 

.72 

49 

LEFT  ISTH  RIB 

-1.48 

12.93 

1.78 

sa 

RIGHT  ISTH  RIB 

-1.43 

-12.88 

1.58 

7 

laTH  RIBMIDSPINE 

-8.97 

.27 

.72 

landmarks 

7 

ISTH  RIBMIDSPINE 

-a.  97 

.27 

.72 

a 

POS  SUP  ILIAC  MS 

-18.75 

-.17 

-6.39 

49 

LEFT  ISTH  RIB 

-1.48 

12.93 

1.78 

sa 

RIGHT  ISTH  RIB 

-1.43 

-12.88 

1.58 

SI 

L  ILIOCRISTALE 

-1.24 

IS.  14 

-2.58 

S2 

R  ILIOCRISTALE 

-1.83 

-14.43 

-1.81 

ANATOMICAL  SYSTEM  ORIGIN 

a 

-1.48 

.28 

1.64 
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TABLE  n  7  (CONTINUED)  SUBJECT  11 


SEONENT  PA  AXES 


SEGMENT  LANDMARKS  AND  ANATOMICAL  SYS.  ORIOIM 
UITH  RrSPECT  TO  SCOMCNT  PA  AXES 


u 

X 

Y 

z 

AXES  DEFINITION  POINTS 

SEGMENT  PELUIS 

53 

LEFT  ASIS 

7.26 

13.13 

-4.91 

54 

RIGHT  ASIS 

8.37 

-12.28 

-4.86 

55 

SYMPHYSION 

7.00 

.96 

-13.08 

53 

LEFT  ASIS 

7.26 

13.13 

-4.9*. 

54 

RIGHT  ASIS 

8.37 

-12.20 

-4.86 

8 

POS  SUP  ILIAC  MS 

-7.74 

-.32 

6.56 

LANDMARKS 

8 

POS  SUP  ILIAC  MS 

-7.'»4 

-.32 

6.56 

51 

L  ILIOCRISTALE 

1.96 

15.34 

7.57 

52 

R  ILIOCRISTALE 

3.68 

-14.21 

8.37 

53 

LEFT  ASIS 

7.26 

13.13 

-4.91 

54 

RIGHT  ASIS 

8.37 

-12.20 

-4.86 

55 

SYMPHYSION 

7.00 

.96 

-13.08 

56 

L  TROCHANTERION 

-2.50 

18.00 

-7.90 

57 

R  TROCHANTERION 

-1.00 

-18.25 

-7.25 

ANATOMICAL  SYSTEM  ORIOIN 

a 

7.02 

.34 

-4.09 

AXES  DEFINITION  POINTS 

SEGMENT  RU  ARM 

4 

RIGHT  ACROMIALE 

.24 

-1.10 

17.33 

18 

R  MED  HUM  ERICON 

2.04 

2.41 

-15.72 

12 

R  LAT  HUM  EPICON 

-3.15 

-3.33 

-13. 19 

4 

RIGHT  ACROMIALE 

.24 

-1.10 

17.33 

12 

R  LAT  HUM  EPICON 

-3.15 

-3.33 

-13. 19 

4 

RIGHT  ACROMIALE 

.24 

-1.10 

17.33 

LANDMARKS 

4 

RIGHT  ACROMIALE 

.24 

-1.10 

17.33 

6 

RIGHT  POS  SCYE 

-6.37 

2.39 

7.35 

10 

R  MED  HUM  ERICON 

2.84 

2.41 

-15.72 

12 

R  LAT  HUM  ERICON 

-3.15 

-3.33 

-13. 19 

14 

RIGHT  OLECRANON 

-2.76 

1.62 

-13.96 

16 

RIGHT  RADIALE 

-3.15 

-3.13 

-15.19 

46 

RIGHT  ANT  SCYE 

5.27 

3.00 

5.07 

ANATOMICAL  SYSTEM  ORIOIN 

B 

.24 

-1.  10 

17.33 
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TABUe  «  7  (CONTINUCD) 


SUBJECT  11 


SCOnENT  AA  AXES 


SESnENT  UANOnAAKS  AND  ANATOMICAL  SYS.  ORIGIN 
UITH  RESAECT  TO  SEOHENT  AA  AXES 


• 

X 

Y 

2 

AXES  DEFINITION  AOINTS 

SEGMENT  RF  ARM 

za 

R  ULNAR  styloid 

-1.71 

1.77 

-14.70 

22 

R  radial  styloid 

.  IS 

-2.90 

-15.44 

16 

RIGHT  RADIALE 

-2.57 

-2.19 

9.32 

20 

R  ULNAR  styloid 

-1.71 

1.77 

-14.70 

16 

RIGHT  RADIALE 

-2.57 

-2. 19 

9.32 

16 

RIGHT  RADIALE 

-2.57 

-2. 19 

9.32 

LANDMARKS 

10 

R  MED  HUM  EPICON 

1. 16 

4. 19 

11.  14 

12 

R  LAT  HUM  EPICON 

-2.45 

-3. 12 

11.10 

14 

RIGHT  OLECRANON 

-3.24 

1.71 

12.25 

16 

RIGHT  RADIALE 

-2.57 

-2.19 

9.32 

20 

R  ULNAR  styloid 

-1.71 

1.77 

-14.70 

22 

R  RADIAL  STYLOID 

.  IS 

-2.90 

-15.44 

ANATOMICAL  SYSTEM  ORIGIN 

0 

-2.57 

-2.19 

9.32 

AXES  DEFINITION  POINTS 

SEGMENT  R  HAND 

30 

RIGHT  OACTYLION 

-.42 

1.53 

-13.39 

24 

R  METACARPALE  II 

-1.39 

-3.09 

-2.00 

20 

R  METACARPALE  U 

.60 

4.60 

-1.40 

24 

R  METACARPALE  II 

-1.39 

-3.09 

-2.00 

20 

R  METACARPALE  U 

.60 

4.60 

-1.40 

26 

R  metacarpaleiii 

-1.00 

.36 

-3.51 

LANOnARKS 

20 

R  ULNAR  STYLOID 

-1.71 

2.05 

5.91 

22 

R  RADIAL  STYLOID 

-1.69 

-2.10 

5.40 

24 

R  METACARPALE  II 

-1.39 

-3.09 

-2.00 

26 

R  METACARPALEIII 

-1.00 

.36 

-3.51 

20 

R  METACARPALE  U 

.60 

4.60 

-1.40 

30 

RIGHT  OACTYLION 

-.42 

1.53 

-13.39 

ANATOMICAL  SYSTEM  ORIQIN 

0 

-.63 

-.16 

-2.34 
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TABLE  « 


7  (CONTINUED) 


SUBJECT  11 


SESHENT  PA  AXES 


SEGNENT  LANDNARKS  AND  ANATOMICAL  SYS.  ORIGIN 
UITH  RESPECT  TO  SEGMENT  PA  AXES 


n 

X 

V 

z 

AXES  DEFINITION  POINTS 

SEGMENT  LU  ARM 

3 

LEFT  ACROMIALE 

.  49 

1.29 

16.46 

9 

L  MED  HUM  EPICON 

1.S3 

-2.89 

-15.51 

11 

L  LAT  HUM  EPICON 

-2.74 

3.31 

-13.55 

3 

LEFT  ACROMIALE 

.49 

1.29 

16.46 

11 

L  LAT  HUM  EPICON 

-2.74 

3.31 

-13.55 

3 

LEFT  ACROMIALE 

.49 

1.29 

16.46 

LANDMARKS 

3 

LEFT  ACROMIALE 

.49 

1.29 

16.46 

5 

LEFT  POS  SCYE 

-6.74 

-1.78 

6.62 

9 

L  MED  HUM  EPICON 

1.53 

-2.89 

-15.51 

11 

L  LAT  HUM  EPICON 

-2.74 

3.31 

-13.55 

13 

LEFT  OLECRANON 

-2. 65 

-1.15 

-14.26 

IS 

LEFT  RADIALE 

-2.45 

2.97 

-15.42 

45 

LEFT  ANT  SCYE 

4.79 

-4.27 

4.65 

ANATOMICAL  SYSTEM  ORIGIN 

B 

.49 

1.29 

16.46 

AXES  DEFINITION  POINTS 

SEGMENT  LF  ARM 

19 

L  ULNAR  STYLOID 

-1.23 

-2.46 

-14.54 

21 

L  RADIAL  STYLOID 

,66 

2.86 

-15.89 

IS 

LEFT  RAOIALC 

-2.42 

1.51 

9.23 

19 

L  ULNAR  STYLOID 

-1.23 

-2.46 

-14.54 

IS 

LEFT  RAOIAlE 

-2.42 

1.51 

9.23 

IS 

LEFT  RADIALE 

-2.42 

1.51 

9.23 

LANDMARKS 

9 

L  MED  HUM  EPICON 

.96 

-4.36 

11.27 

11 

L  LAT  HUM  EPICON 

-2.68 

2.50 

18.87 

13 

LEFT  OLECRANON 

-3.B3 

-1.92 

11.71 

IS 

LEFT  RAOIALE 

-2.42 

1.51 

9.23 

19 

L  ULNAR  STYLOID 

-1.23 

-2.46 

-14,54 

21 

L  RADIAL  STYLOID 

.66 

2.86 

-15.89 

ANATOMICAL  SYSTEM  ORIGIN 

e 

-2.42 

1.51 

9.23 
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table  H  7  (CONTINUED) 


SUBJECT  11 


SCQnENT  PA  AXES 


SEGNENT  UANOliARKS  AND  ANATOMICAL  SYS.  ORIGIN 
WITH  RESPECT  TO  SEGNENT  PA  AXES 


tl 

X 

Y 

Z 

AXES  definition  POINTS 

SEGMENT  L  HAND 

ES 

LEFT  DACTYLION 

-.49 

-1.31 

-12.88 

23 

L  METACARPALE  II 

-.9a 

3.37 

-2.75 

27 

L  METACARPALE  U 

.75 

-4.44 

-.  91 

23 

L  METACARPALE  II 

-.98 

3.37 

-2.75 

27 

L  METACARPALE  U 

.75 

-4.44 

-.91 

25 

L  METACARPALEIII 

-1.97 

-.19 

-3.19 

LANONARKS 

19 

L  ULNAR  STYLOID 

-1.15 

“3.43 

6.61 

21 

L  RADIAL  STYLOID 

-1.37 

2.38 

5. 68 

23 

L  METACARPALE  II 

-.98 

3.37 

-2.75 

2S 

L  nCTACARPALEIIl 

-1.97 

-.19 

-3.  19 

27 

L  METACARPALE  U 

.75 

“4.44 

-.91 

29 

LEFT  DACTYLION 

-.49 

-1.31 

-12.88 

ANATOMICAL  SYSTEM  ORIGIN 

a 

-.28 

.43 

-2.85 

AXES  DEFINITION  POINTS 

SEGMENT  R  FLAP 

57 

R  TROCHANTERION 

2.83 

-9.29 

3.81 

59 

R  LAT  FEM  CONOYL 

“1.52 

2.91 

-36.34 

€1 

R  MED  FEM  CONOYL 

“3.38 

14. 13 

-3S.82 

59 

R  LAT  FEM  CONOYL 

“1.52 

2.91 

“36.34 

57 

R  TROCHANTERION 

2.63 

-9.29 

3.81 

57 

R  TROCHANTERtON 

2.63 

-9.29 

3.81 

LANDMARKS 

18 

R  GLUTEAL  FOLD 

-9.88 

1.16 

-6.78 

S4 

RIGHT  ASIS 

11.88 

-3.75 

9.71 

55 

SYNPHYSION 

18.74 

11.81 

4.72 

57 

R  TROCHANTERION 

2.63 

-9.29 

3.81 

ANATOMICAL  SYSTEM  ORIGIN 

a 

2.63 

-9.29 

3.81 
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table  »  7  (CONTINUED) 


SUBJECT  11 


SEONENT  PA  AXES 


SEGMENT  LANDMARKS  AND  ANATOMICAL  SYS.  ORIGIN 
WITH  RESPECT  TO  SEGMENT  PA  AXES 


It 


X  Y  2 


AXES  DEFINITION  POINTS 


SEGMENT  R  THI-F 


57 

R 

TROCHANTERION 

-2.43 

-7.63 

23.94 

59 

R 

LAT  FEM  CONDYL 

1.89 

-6.55 

-17.31 

61 

R 

MED  FEM  CONDYL 

.89 

4.72 

-19.27 

59 

R 

LAT  FEM  CONDYL 

1.89 

-6.55 

-17.31 

57 

R 

TROCHANTERION 

-2.43 

-7.63 

23.94 

57 

R 

TROCHANTERION 

-2.43 

-7.63 

23.94 

landmarks 


18 

R  GLUTEAL  FOLD 

-11.39 

1.82 

9.81 

54 

RIGHT  ASIS 

5.67 

-1.45 

38.39 

57 

R  TROCHANTERION 

-2.43 

-7.63 

23.94 

59 

R  LAT  FEM  CONDYL 

1.89 

-6.55 

-17.31 

61 

R  MED  FEM  CONDYL 

.89 

4.72 

-19.27 

63 

RIGHT  TIBIALE 

2.88 

2.99 

-22 . 86 

65 

RIGHT  FIBULARE 

.64 

-7.13 

-21.55 

ANATOMICAL  SYSTEM  ORIGIN 

a 

-2.43 

-7.63 

23.94 

AXES  DEFINITION  POINTS 

SEGMENT  R  CALF 

63 

RIGHT  TIBIALE 

4.28 

4.15 

13.88 

69 

RIGHT  SPHYRION 

4.93 

3.89 

-2S.87 

67 

R  LAT  malleolus 

-.86 

-2.85 

-24.98 

69 

RIGHT  SPHYRION 

4.93 

3.89 

-25.87 

63 

RIGHT  TIBIALE 

4.28 

4.15 

13.88 

63 

RIGHT  TIBIALE 

4.28 

4.15 

13.88 

LANDMARKS 


59 

R  LAT  FEM  CONDYL 

.99 

-5.39 

16.73 

61 

R  MED  FEM  CONDYL 

3.75 

5.71 

16. 14 

63 

RIGHT  TIBIALE 

4.28 

4. 15 

13.88 

65 

RIGHT  FIBULARE 

.19 

-5.25 

12.51 

67 

R  LAT  MALLEOLUS 

-.86 

-2.85 

-24.98 

69 

RIGHT  SPHYRION 

4.93 

3.89 

-25.87 

ANATOMICAL  SYSTEM  ORIGIN 

8  4.28  4.15  13.88 


table  n  7  (CONTINUED) 


SUBJECT  It 


SE6HENT  PA  AXES 


SEGMENT  LANDMARKS  AND  ANATOMICAL  SYS.  ORIGIN 
WITH  RESPECT  TO  SEGMENT  PA  AXES 


II 

X 

Y 

Z 

AXES  DEFINITION  POINTS 

SEGMENT  R  FOOT 

71 

R  METATARSAL  I 

7.69 

3.95 

-1.35 

73 

R  metatarsal  U 

5.66 

-4.93 

1.36 

32 

R  POS  CALCANEUS 

-la.se 

-1.74 

-2,41 

75 

RIGHT  TOE  11 

14.16 

-.45 

-.66 

32 

R  POS  CALCANEUS 

-16.58 

-1.74 

-2.41 

71 

R  METATARSAL  I 

7.69 

3.95 

-1.35 

landmarks 

32 

R  POS  CALCANEUS 

-ia.se 

-1.74 

-2.41 

67 

R  LAT  MALLEOLUS 

-7.3a 

-.84 

4.39 

6S 

RIGHT  SPHYRION 

-4.66 

4.6a 

1.84 

71 

R  METATARSAL  I 

7.69 

3.95 

-1.35 

73 

R  METATARSAL  U 

5.66 

-4.93 

1.36 

75 

RIGHT  TOE  II 

14.  la 

-.45 

.86 

ANATOMICAL  SYSTEM  ORIGIN 

a 

7,78 

-.49 

.  18 

AXES  DEFINITION  POINTS 

SEGMENT  L  FL.-^P 

S6 

L  TROCHANTERION 

4.99 

8.46 

2.22 

58 

L  LAT  FEM  CONDYL 

-3.16 

-2.29 

-36.81 

6a 

L  MED  FEM  CONDYL 

-6.64 

-13.87 

-34.82 

58 

L  LAT  FEM  CONDYL 

-3.16 

-2.29 

-36.81 

56 

L  TROCNANTERION 

4.99 

8.46 

2.22 

56 

L  TROCHANTERION 

4.99 

6.46 

2.22 

LANDMARKS 

17 

L  GLUTEAL  FOLD 

-9.35 

-.97 

.-7 . 84 

S3 

LEFT  ASIS 

11.88 

2.98 

9.25 

55 

SYMPHYSION 

18.26 

-18.89 

4.53 

56 

L  TROCHANTERION 

4.99 

8.46 

2.22 

ANATOMICAL  SYSTEM  ORIGIN 

a 

4.99 

8.46 

2.22 
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table  B  7  (CONTlNUeO)  SUBJ^CCT  11 


SEfiMENT  PA  AXES 


SEGMENT  LANOMAKKS  AND  ANATOMICAL  SYS.  ORIGIN 
with  RESPECT  TO  SEGMENT  PA  AXES 

m  X  Y  z 


AXES  DEFINITION  POINTS  SEGMENT  L  THI-F 


36 

L  TROCHANTERION 

'.22 

8.00 

23.21 

SB 

L  LAT  FEM  CONOYL 

2.4S 

S.67 

-17.17 

6B 

L  MED  FEM  CONOYL 

-.21 

-S.24 

-19. 14 

SB 

L  LAT  FEM  CONOYL 

2.4S 

S.67 

-17.17 

S6 

L  TROCHANTERION 

-.22 

0.08 

23.21 

SB 

L  TROCHANTERION 

-.22 

B.08 

23.21 

LANDMARKS 

17 

L  GLUTEAL  FOLD 

-10.07 

.39 

8.79 

33 

LEFT  ASIS 

S.  17 

1.36 

30.54 

S6 

L  TROCHANTERION 

-.22 

8.00 

23.21 

SB 

L  LAT  FEM  CONOYL 

2.4S 

S.67 

-17.17 

60 

L  MED  FEM  CONOYL 

-.21 

-S.24 

-19. 14 

62 

LEFT  TiaiALE 

2.04 

-3.63 

-21.77 

64 

LEFT  FiaULARE 

1.34 

6.74 

-22.04 

anatomical  SYSTEM  ORIGIN 

0 

-.22 

8.00 

23.21 

AXES  DEFINITION  POINTS 

SEGMENT  L  CALF 

62 

LEFT  TI8IALC 

3.79 

-4.54 

13. 16 

68 

LEFT  SPHYRION 

5.07 

-3.33 

-24.73 

66 

L  LAT  MALLEOLUS 

1.23 

2.17 

-24.04 

68 

LEFT  SPHYRION 

S.07 

-3.33 

-24.73 

62 

LEFT  TIBIALE 

3.79 

-4.54 

13. 16 

62 

LEFT  TIBIALE 

3.79 

-4.54 

13. 16 

landmarks 

SB 

L  LAT  FEM  CONDYL 

2.30 

S.13 

16.69 

60 

L  MED  FEM  CONDYL 

2.60 

-6.25 

16.36 

62 

LEFT  TIBIALE 

3.79 

-4.54 

13. 16 

64 

LEFT  FIBULARE 

.26 

5.  17 

12.10 

66 

L  LAT  MALLEOLUS 

1.23 

2.17 

-24.84 

68 

LEFT  SPHYRION 

S.07 

-3.33 

-24.73 

ANATOMICAL  SYSTEM  ORIGIN 

0 

3.79 

-4.54 

13.16 
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TABLE  n  7  (COHTINUED) 


SUBJECT  11 


SEonCNT  aa  axes 


SEGMENT  LANDMARKS  AND  ANATOMICAL  SYS.  ORIGIN 
WITH  RESPECT  TO  SEGMENT  PA  AXES 


X 

Y 

Z 

AXES  DEFINITION  POINTS 

SEGMENT 

L  FOOT 

7B 

L  METATARSAL  I 

7.23 

-3.38 

-1.23 

72 

L  metatarsal  U 

S.40 

5.06 

1.30 

31 

L  POS  CALCANEUS 

-10.70 

1.21 

-2.57 

74 

LEFT  TOE  11 

13.73 

.  18 

-.73 

31 

L  POS  CALCANEUS 

-10.70 

1.21 

-2.57 

70 

L  metatarsal  1 

7.23 

-3.30 

-1.23 

LANDMARKS 

31 

L  POS  CALCANEUS 

-10.70 

1.21 

-2.57 

66 

L  LAT  malleolus 

-6.73 

.38 

4.62 

68 

left  SPHYRION 

-3.51 

-4.34 

1.34 

70 

L  metatarsal  I 

7.23 

-3.38 

-1.23 

72 

L  metatarsal  U 

5.40 

5.06 

1.38 

74 

LEFT  TOE  11 

13.73 

.18 

-.73 

ANATOMICAL  SYSTEM  ORIGIN 

8 

7.37 

.04 

.05 

AXES  DCriHITION  POINTS  SEGMENT  R  FARMTH 


20 

R  ULNAR  STYLOID 

-2.07 

2.18 

-8.71 

22 

R  RADIAL  STYLOID 

-1.17 

-2.75 

-3.43 

16 

RIGHT  RADZALE 

-2.61 

-1.63 

15.42 

20 

R  ULNAR  STYLOID 

-2.07 

2.18 

-8.71 

16 

RIGHT  RADIALE 

-2.61 

-1.63 

15.42 

16 

RIGHT  RADIALE 

-2.61 

-1.63 

15.42 

LANDMARKS 


18 

R  MED  HUM  EPICON 

2.3S 

3.84 

17.86 

12 

R  LAT  HUM  EPICOH 

-2.58 

-2.64 

17.20 

14 

RIGHT  OLECRANON 

-2.33 

2.24 

10.37 

16 

RIGHT  RADIALE 

-2.61 

-1.63 

15.42 

28 

R  ULNAR  STYLOID 

-2.07 

2.18 

-8.71 

22 

R  RADIAL  STYLOID 

-1.17 

-2.75 

-3.43 

24 

R  MCTACARPALE  II 

-.61 

-3.22 

-17.72 

26 

R  METACARPALEZIZ 

-1.61 

.13 

-18.22 

28 

R  METACARPALE  U 

-.80 

4.63 

-15.37 

38 

RIGHT  DACTYLION 

-.32 

1.36 

-28.82 

ANATOMICAL  SYSTEM  ORIGIN 

0 

-2.61 

-1.63 

15.42 
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TABLE  tt 


7  (CONTINUED) 


SUBJECT  11 


SEONENT  PA  AXES 


SEGflENT  LANONAAKS  AND  ANATOMICAL  SYS.  ORIGIN 
WITH  RESPECT  TO  SEGMENT  PA  AXES 


tt 

X 

V 

Z 

AXES  DEPINITION  POINTS 

SEGMENT  L  FARM+H 

19 

L  ULNAR  styloid 

-1.45 

-2.58 

-8.69 

21 

L  RADIAL  styloid 

-.49 

2.98 

-18.66 

15 

left  RADIALE 

-2.37 

1.86 

15.  14 

19 

L  ULNAR  STYLOID 

-1.45 

-2.58 

-8.69 

15 

LEFT  RADIALE 

-2.37 

1.86 

15.  14 

15 

LEFT  RADIALE 

-2.37 

1.86 

15.14 

LANDMARKS 

9 

L  MED  HUM  EPICON 

1.98 

-4.21 

17.88 

11 

L  LAT  HUM  EPICON 

-2.72 

1.98 

16.98 

13 

LEFT  OLECRANON 

-2.33 

-2.44 

17.61 

15 

left  RADIALE 

-2.37 

1.86 

15.14 

19 

L  ULNAR  STYLOID 

-1.45 

-2.58 

-8.69 

21 

L  RADIAL  STYLOID 

-.49 

2.98 

-18.86 

23 

L  METACARPALE  II 

-.82 

3.31 

-18.55 

25 

L  METACARPALEIII 

-1.83 

.83 

-18.71 

27 

L  METACARPALE  U 

-.aa 

-4.52 

-16.13 

29 

LEFT  DACTYLION 

-.87 

-2.a9 

-28.29 

ANATOMICAL  SYSTEM  ORIGIN 

a 

-2.37 

1.86 

15.14 

AXES  DEFINITION  POINTS 

SEGMENT  R  THIGH 

57 

R  TROCHANTER I ON 

1.49 

-8.81 

16.47 

59 

R  LAT  FEM  CONDYL 

-.81 

-6.55 

-24.89 

61 

R  MED  FEM  CONDYL 

-1.43 

4.67 

-26.67 

59 

R  LAT  FEM  CONDYL 

-.81 

-6.55 

-24.89 

57 

R  TROCHANTERION 

1.49 

-8.81 

16.47 

57 

R  TROCHANTERION 

1.49 

-8.81 

16.47 

LANDMARKS 

18 

R  GLUTEAL  FOLD 

-9.81 

-.  16 

3.68 

54 

RIGHT  ASIS 

9.72 

-1.14 

22.88 

55 

SYMPHYSION 

18.38 

11.77 

13.38 

57 

R  TROCHANTERION 

1.49 

-8.81 

16.47 

59 

R  LAT  FEM  CONDYL 

-.81 

-6.55 

-24.89 

61 

R  MED  FEM  CONDYL 

-1.43 

4.67 

-26.67 

63 

RIGHT  TIBIALE 

-.51 

3.85 

-29.59 

65 

RIGHT  FtaULARE 

-.98 

-7.16 

-29.85 

ANATOMICAL  SYSTEM  ORIGIN 

a 

1.49 

-8.81 

16.47 
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TABLE  H  7  (CONTINUED)  SUBJECT  tl  SEOHENT  PA  AXES 


SEONENT  LANDMARKS  AND  ANATONICAL  SYS.  ORIGIN 
UITH  RESPECT  TO  SEONENT  PA  AXES 


« 

X 

Y 

Z 

AXES  DEFINITION  POINTS 

SEOHENT  L  THIOH 

S6 

L  trochanter I ON 

3.32 

7.78 

16.11 

58 

L  LAT  FEN  CONDYL 

.64 

6.68 

-24.38 

68 

L  MED  FEN  CONDYL 

-2.24 

-4.88 

-26.87 

58 

L  LAT  FEM  CONDYL 

.64 

6.88 

-24.38 

56 

L  TROCHANTERION 

3.32 

7.78 

16.11 

S6 

L  TROCHANTERION 

3.32 

7.78 

16. 11 

LANDMARKS 

17 

L  OLUTEAL  FOLD 

-S.  12 

.27 

3. 18 

53 

LEFT  ASIS 

S.6S 

.97 

22.55 

55 

SYMPHYSION 

S.54 

-11.37 

14.64 

56 

L  TROCHANTERION 

3.32 

7.78 

16.11 

58 

L  LAT  FEM  CONDYL 

.64 

6.88 

-24.38 

68 

L  MED  FEM  CONDYL 

-2.24 

-4.88 

-26.87 

62 

LEFT  TIBIALE 

-.36 

-3.22 

-28.96 

64 

LEFT  FIBULARE 

-1.11 

7.15 

-28.96 

ANATOMICAL  SYSTEM  ORIOIN 

8 

3.32 

7.78 

16.11 

161 


TABUC  tt 


7  (COHTINOED} 


SUBJECT  11 


SeenENT  PA  AXES 


SEGnENT  LANOnARKS  AND  ANATOMICAL  SYS.  ORIGIN 
WITH  RESPECT  TO  SEGMENT  PA  AXES 


R 

AXES  OEriNITION  POINTS 

53  LEFT  ASIS 

54  RIGHT  ASIS 

55  SYMPHYSION 

53  LEET  ASIS 

54  RIGHT  ASIS 

Q  POS  SUP  ILIAC  MS 


LANDMARKS 


2 

ceruicale 

3 

LEET  ACROMIALE 

4 

RIGHT  ACROMIALE 

5 

LEET  POS  SCYE 

6 

RIGHT  POS  SCYE 

7 

laTH  RIBMIDSPIHE 

8 

POS  SUP  ILIAC  MS 

42 

leet  clauicale 

43 

RIGHT  CLAUICALE 

44 

suprasternale 

45 

left  ant  SCYE 

46 

RIGHT  ANT  SCYE 

43 

LEET  10TH  RIB 

50 

RIGHT  10TH  RIB 

51 

L  ILIOCRISTALE 

52 

R  ILIOCRISTALE 

53 

LEET  ASIS 

54 

RIGHT  ASIS 

55 

SYMPHYSION 

56 

L  TROCHANTER ION 

57 

R  TROCHANTER I ON 

ANATOMICAL  SYSTEM  ORIGIN 

a 


X  Y  z 


SEGMENT  TORSO 


8.32 

12.82 

-21.29 

8.35 

-12.53 

-21.11 

9.78 

.64 

-29.31 

8.32 

12.82 

-21.29 

8.35 

-12.53 

-21.11 

-9.75 

.86 

-14.38 

■4.55 

-.36 

31.84 

■4.28 

18.38 

24.39 

2.46 

-18.94 

23.54 

■9.51 

14.94 

13.47 

•7,89 

-15.93 

12.73 

7.65 

.39 

-7.35 

9.75 

.86 

-14.38 

S.36 

2.79 

26.85 

5.63 

-2.69 

26.69 

6.27 

.  13 

25.53 

2.39 

15.79 

12.59 

3.91 

-15.47 

12.22 

-.  11 

13.83 

-6.51 

-.10 

-12.78 

-7.82 

-.86 

15.31 

-10.69 

.19 

-14.29 

-9.65 

8.32 

12.82 

-71.29 

8.35 

-12.53 

-21.11 

9.78 

.64 

-29.31 

-.87 

18.08 

-26.76 

■1.84 

-19. 17 

-26. 19 

8.33 

.83 

-21.20 

F 


table  B  7  (CONTINUED) 


SUBJECT  11 


SEGMENT  PA  AXES 


SEGMENT  landmarks  AND  ANATOMICAL  STS.  ORIGIN 
MITH  RESPECT  TO  SEGMENT  PA  AXES 


II 

X 

Y 

Z 

AXES  DEFINITION  POINTS 

SEGMENT  TOT  BODY 

53 

LEFT  ASIS 

11.01 

12.27 

-.03 

54 

RIGHT  ASIS 

9.91 

-13. ae 

.38 

55 

SYMPHTSION 

12.58 

-.87 

-7.80 

53 

LEFT  ASIS 

11.01 

12.27 

-.03 

54 

RIGHT  ASIS 

9.91 

-13.06 

.38 

a 

POS  SUP  ILIAC  MS 

-8. 11 

.38 

5.51 

landmarks 

1 

NUCHALE 

-8.68 

.31 

61.16 

2 

CERUICALE 

-6.68 

.32 

52.00 

3 

LEFT  ACROMIALE 

-4.91 

18.86 

44.43 

4 

RIGHT  ACROMIALE 

-4.75 

-18.42 

44.06 

5 

LEFT  POS  SCYE 

-9.46 

15.59 

33. 15 

G 

RIGHT  POS  SCYE 

-9.  IS 

-15.32 

32.82 

7 

laTH  RianiospiNE 

-6.57 

.72 

12.60 

a 

POS  SUP  ILIAC  MS 

-8.  11 

.38 

5.51 

9 

L  MED  HUM  EPICON 

2.43 

19.15 

13.81 

la 

R  MED  HUM  EPICON 

2.83 

-10.73 

11.65 

ti 

L  LAT  HUM  EPICON 

-3.45 

23.98 

14.65 

12 

R  LAT  HUM  EPICON 

-3.39 

-23.55 

13.74 

13 

LEFT  olecranon 

-2.19 

19.78 

13.50 

14 

RIGHT  OLECRANON 

-2.25 

-18.79 

12.61 

IS 

LEFT  RADIALE 

-2.77 

23.95 

12.05 

16 

RIGHT  RADIALE 

-3.84 

-23.57 

11.76 

17 

L  GLUTEAL  FOLD 

-8.30 

8.  10 

-18.50 

18 

R  GLUTEAL  POLO 

-9.19 

-8.33 

-17.89 

IS 

L  ULNAR  styloid 

.06 

31.47 

-9.79 

28 

R  ULNAR  styloid 

,72 

-31.80 

-18.95 

21 

L  RADIAL  STYLOID 

.73 

37. 14 

-0.52 

22 

R  RADIAL  STYLOID 

.58 

-36.55 

-9.20 

23 

L  metacarpale  ii 

1.81 

41.27 

-15.00 

24 

R  metacarpale  II 

1.83 

-41.00 

-16. 12 

2S 

L  METACARPALEIII 

.76 

30.17 

-17.70 

26 

R  METACARPALEIII 

1.65 

-38. 19 

-18.25 

27 

L  metacarpale  U 

3.38 

33.30 

-17.88 

28 

R  metacarpale  U 

3.97 

-33.44 

-17.99 

29 

LEFT  DACTYLION 

2.94 

40.71 

-26.97 

30 

RIGHT  DACTYLION 

4.26 

-41.46 

-27.38 

31 

L  POS  CALCANEUS 

-6.26 

13.47 

-94.24 

32 

R  POS  CALCANEUS 

-7.26 

-11.70 

-94.39 

33 

HEAD  CIRC 

8.25 

-.09 

70.83 

34 

SELL I ON 

8.95 

.08 

67.16 
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table  «  7  (CONTINUED) 


SUBJECT  11 


SEONENT  PA  AXES 


SEGMENT  LANONARKS  AND  ANATOHZCAL  SYS.  ORIGIN 
HITH  RESPECT  TO  SEGNENT  PA  AXES 

a  X  Y  z 


35 

L  INFRAORBITALE 

7.51 

4.10 

65.44 

36 

R  INFRAORBITALE 

7.39 

-.45 

65.23 

37 

LEFT  TRAGION 

.26 

7.27 

63.71 

38 

RIGHT  TRAGION 

.01 

-7.05 

63.61 

39 

LEFT  GONION 

1.52 

5.68 

58.01 

40 

RIGHT  GONION 

1.23 

-5.51 

50.01 

41 

MID  THYROID  CART 

4.03 

.22 

51.83 

42 

LEFT  CLAUICALE 

3.73 

2.98 

47.80 

43 

RIGHT  CLAUICALE 

3.77 

-2.50 

47.71 

44 

SUPRASTERNALE 

4.62 

.27 

46.59 

45 

LEFT  ANT  SCYE 

2.50 

15.92 

33.23 

46 

RIGHT  ANT  SCYE 

2.66 

-15.38 

33.27 

47 

LEFT  BUSTPOINT 

15.39 

9.81 

30.47 

40 

RIGHT  BUSTPOINT 

15.61 

-9.29 

30.11 

49 

LEFT  IBTH  RIB 

1.43 

13.03 

14.01 

50 

RIGHT  10TH  RIB 

.35 

-12.76 

13.74 

51 

L  ILIOCRISTALE 

1.92 

15.25 

9.84 

52 

R  ILIOCRISTALE 

.78 

-14.31 

11.16 

S3 

LEFT  ASIS 

11.01 

12.27 

-.03 

54 

RIGHT  ASIS 

9.91 

-13.06 

.30 

55 

SYMPHYSION 

12.58 

-.07 

-7.00 

56 

L  TROCHANTCRtON 

3.33 

17.01 

-6.21 

57 

R  TROCHANTERION 

.72 

-10.35 

-5.39 

50 

L  LAT  FEM  CONOYL 

-.96 

14.87 

-46.41 

59 

R  LAT  FEM  CONDYL 

-.42 

-15,01 

-46.65 

60 

L  MED  FEM  CONOYL 

-2.07 

3.64 

-47.93 

61 

R  NED  FEM  CONOYL 

-.00 

-3.65 

-47.97 

62 

LEFT  TIBIALE 

-.63 

5.53 

-50.92 

63 

RIGHT  TIBIALE 

.50 

-5.27 

-50.97 

64 

LEFT  FIBULARE 

-3.  10 

15.63 

-50.99 

65 

RIGHT  FIBULARE 

-1.39 

-15. 31 

-50.83 

66 

L  LAT  malleolus 

-1.71 

16.35 

-80.04 

67 

R  LAT  malleolus 

-3.60 

-14.60 

-88.39 

60 

LEFT  SPHYRION 

1.52 

10.49 

-08.47 

69 

RIGHT  SPHYRION 

.  19 

-8.55 

-08. 99 

70 

L  METATARSAL  I 

12.00 

9.50 

-92.46 

71 

R  metatarsal  I 

11.63 

-9.06 

-92.61 

72 

L  METATARSAL  U 

9.90 

18.73 

-93.93 

73 

R  METATARSAL  U 

8.55 

-17.07 

-94.35 

74 

LEFT  TOE  II 

18.32 

13.50 

-94.42 

75 

RIGHT  TOE  II 

17.45 

-14. 10 

-94.28 

76 

CROTCH  SENSOR 

5.73 

-.03 

-15.73 

77 

(42  *  43)^2 

3.75 

.24 

47.76 

ANATOMICAL  SYSTEM  ORIGIN 

0  10. 4S  '.SI  .10 


164 


TA0t.t  M  a 


suajccT  11 


total  boot  pa  axes 


SCOHCNT  CCNTCRS  OP  SKAWITY 
WITH  RCSPCCT  TO  TOTAL  BODY  PA  AXES 


SCO 

X 

Y 

Z 

HEAD 

-.64 

-.83 

67.13 

NECK 

-.TS 

.12 

35.85 

THOAAX 

-.10 

.  13 

31.11 

ABDOnCN 

2.4a 

.83 

12.23 

PCLUIS 

1.43 

-.18 

2.85 

RU  ARn 

-2.83 

-13.18 

26.33 

RF  ARM 

.73 

-26.33 

3.24 

R  HAND 

3.aa 

-36.34 

-14.74 

LU  ARH 

-2.31 

13.62 

28.13 

LF  ARN 

.43 

27.38 

4.46 

L  hand 

2.sa 

37.83 

-14.54 

R  FLAP 

-.82 

-3.68 

-18.33 

R  TMI-F 

.32 

-3.43 

-23.81 

R  CALF 

-3.11 

-11.81 

-63.38 

R  FOOT 

3.SS 

-12.48 

-32.85 

L  flap 

.37 

3.27 

-18.65 

L  THI-F 

.72 

3.31 

-23.12 

L  CALF 

-3.66 

11.78 

-63.57 

L  FOOT 

4.66 

13.87 

-32.41 

R  FARM-^H 

1.33 

-23.83 

-1.37 

L  FARN'^H 

1.81 

38.11 

-.71 

H  THIOH 

.34 

-3.35 

-21.52 

L  THIOH 

.38 

3.38 

-22.83 

TORSO 

.44 

.83 

28.63 

TOTAL  BODY 

TOT  BODY 

8.88 

8.88 

8.88 
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TAILC  «  9 


SUajCCT  11 


total  body  pa  Axes 


0RI6IN  or  SeSHENT  ANATOniCAL  AXES 
with  respect  to  total  body  pa  axes 


SEC 

X 

Y 

2 

HEAD 

.  14 

.25 

63.66 

NECK 

-6.68 

.32 

52.80 

thorax 

-6. 57 

.72 

12.68 

ABDOMEN 

.98 

.39 

13.88 

PELUtS 

18.  4S 

-.51 

.18 

RU  ARn 

-4.75 

-18.42 

44.86 

Rr  ARM 

-3.84 

-23.57 

11. 76 

R  HAND 

3.65 

-38.12 

-16.84 

LU  ARM 

-4.91 

18.86 

44.  43 

Lf  ARM 

-2.77 

23.95 

12.85 

L  HAND 

3.37 

38.27 

-16.30 

R  TLAP 

.73 

-18. 35 

-5.39 

R  THI-r 

.73 

-18.35 

-5.39 

R  CALP 

.58 

-5.27 

-58.97 

R  rOOT 

11.19 

-13.65 

-93.43 

L  PLAP 

3.33 

17.81 

-6.21 

L  THI-P 

3.33 

17.81 

-6.31 

L  CALP 

-.63 

5.53 

-58.92 

L  POOT 

11.99 

13.68 

-93.87 

R  PARM+H 

-3.04 

-23.57 

11.76 

L  PARMTH 

-3.77 

23.95 

12.85 

R  THIQH 

.73 

-18.35 

-5.39 

L  THXOH 

3.33 

17.81 

-6.21 

TORSO 

18.45 

-.51 

.18 

TOTAL  BODY 

TOT  BODY 

18.45 

-.51 

.18 
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TABLE  ■  te  SUBJECT  11  ANATOniCAL  AXES 


SEOHENT  LANDHARKS  and  center  or  ORAUZTY 
UITH  RESPECT  TO  ANATOMICAL  AXES 


X 

Y 

Z 

AXES  DEPINITION  POINTS 

SEGMENT 

HEAD 

37 

LErT  TRAOION 

.00 

7.02 

-.00 

30 

RIGHT  TRAOION 

.00 

-7.31 

-.00 

36 

R  INrRAORBITALE 

7.43 

-.56 

-.00 

37 

LErT  TRAOION 

.00 

7.02 

-.00 

30 

RIGHT  TRAOION 

.00 

-7.31 

-.00 

34 

SELL I ON 

9.36 

.00 

1.56 

LANDMARKS 

1 

NUCHALE 

-9.07 

-.11 

-.59 

34 

SELL I ON 

9.36 

.00 

1.56 

36 

R  INrRAORBITALE 

7,43 

-.36 

-.00 

37 

LErT  TRAOION 

.00 

7.02 

-.00 

30 

RIGHT  TRAOION 

.00 

-7.31 

-.00 

39 

LErT  GONION 

.05 

5.41  -5.03 

40 

RIGHT  GONION 

-.02 

-5.70  -5.73 

CENTER  or  ORAUtTY 

0 

-.02 

-.33 

3.56 

AXES  OCFZNirtON  POINTS 

SEGMENT 

NECK 

41 

MID  THYROID  CART 

9.99 

.00 

3.00 

2 

CERUICALE 

.00 

.00 

.00 

44 

SUPRASTERNALE 

12. SI 

.00 

-.76 

77 

(42  *  431/2 

11.26 

-.03 

.00 

2 

CERUICALE 

.00 

.00 

.00 

2 

CERUICALE 

.00 

.00 

.00 

LANDMARKS 

1 

NUCHALE 

-S.23 

.06 

7.77 

2 

CERUICALE 

.00 

.00 

.00 

39 

LEPT  GONION 

S.30 

S.S0 

0.50 

40 

RIGHT  GONION 

S.10 

-5.69 

0.63 

41 

MID  THYROID  CART 

9.99 

.00 

3.00 

42 

LEPT  CLAUICALE 

11.21 

2.71 

-.00 

43 

RIGHT  CLAUICALE 

11.31 

-2.77 

.00 

44 

SUPRASTERNALE 

12.91 

.00 

-.76 

CENTER  or  QRAUITY 

0 

4.34 

-.11 

5.06 
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table  »  10  (COHTINUCD)  subject  11 


ANATOMICAL  AXES 


seohent  lanonaaks  and  center  or  orauzty 
WITH  respect  to  anatonical  axes 


II 

X 

Y 

Z 

AXES  DEriNITION  POINTS 

SEGMENT  THORAX 

44 

SUPRASTERNALE 

11.29 

.08 

33.87 

2 

CERUICALE 

.SB 

.88 

39.31 

7 

10TH  RIBMIOSPINE 

.BB 

.88 

.BB 

2 

CERUICALE 

.8B 

.88 

39.31 

7 

10TH  RIBMIOSPINE 

.BB 

.08 

.BB 

7 

IBTH  RIBMIOSPINE 

-BB 

.BB 

.80 

LANDMARKS. 

2 

CERUICALE 

.BB 

.BB 

39.31 

3 

LErT  ACROMIALE 

1.57 

IB.  47 

31.56 

4 

RIGHT  ACROMIALE 

2.89 

-IB. 81 

31.56 

S 

LErT  POS  SCYE 

-2.98 

15.85 

2B.32 

6 

RIGHT  POS  SCYE 

-2.37 

-15.86 

2B.3B 

7 

laTH  RIBMIOSPINE 

.BB 

.BB 

.88 

42 

LErT  CLAUICALE 

18.37 

2.71 

35.87 

43 

RIGHT  CLAUICALE 

IB.  47 

-2.77 

35.  B3 

44 

SUPRASTERNALE 

11.29 

.BB 

33.87 

45 

LErT  ANT  SCYE 

9.9B 

15.49 

28.37 

46 

RIGHT  ANT  SCYE 

9.45 

-15.79 

20.72 

49 

LErT  lOTH  RIB 

7.B9 

12.41 

1.18 

59 

RIGHT  tern  RIB 

7.96 

-13.  40 

1.17 

CENTER  or  ORAUITY 

9 

6.45 

-.28 

18.41 

AXES  DEriNITION  POINTS 

SEGMENT  ASDOMEI 

49 

LErT  10TH  RIB 

.BB 

12.65 

.80 

59 

RIGHT  lOTH  RIB 

.88 

-13. 16 

.BB 

7 

IBTH  RIBMIOSPINE 

-7.57 

.88 

.BB 

49 

LErT  IBTH  RIB 

.BB 

12.65 

.BB 

59 

RIGHT  IBTH  RIB 

.BB 

-13.16 

.BB 

7 

IBTH  RIBMIOSPINE 

-7.57 

.88 

.88 

LANDMARKS 

7 

IBTH  RIBMIOSPINE 

-7.57 

.88 

.88 

B 

POS  SUP  ILIAC  MS 

-18.21 

-.47 

-6.84 

49 

LEPT  IBTH  RIB 

.BB 

12.65 

.BB 

50 

RIGHT  IBTH  RIB 

.BB 

-13.16 

.88 

51 

L  ILIOCRISTALE 

-.27 

14.84 

-4.21 

52 

R  ILIOCRISTALE 

.88 

-14.72 

-2.61 

CENTER  or  ORAUITY 

9 

1.24 

-.29 

-l.BB 
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table  «  ta  (CONTINUED) 


SUBJECT  11 


ANATONXCAL  AXES 


SEONENT  LANDNARKS  AND  CENTER  OF  ORAUITY 
WITH  RESPECT  TO  ANATOMICAL  AXES 


• 

X 

Y 

Z 

AXES  DEFINITION  POINTS 

SEGMENT  PELUIS 

S3 

LEFT  ASIS 

.88 

12.88 

.88 

54 

RIOHT  ASIS 

.88 

-12.56 

.88 

55 

SYMPHYSION 

.88 

.67 

-8.23 

53 

LEFT  ASIS 

.88 

12.88 

.88 

54 

RIGHT  ASIS 

.88 

-12.56 

.88 

8 

POS  SUP  ILIAC  MS 

-16.68 

-.88 

9.98 

LANDMARKS 

a 

POS  SUP  ILIAC  MS 

-16.68 

-.88 

9.98 

51 

L  ILIOCRISTALE 

-6.38 

15.21 

11.93 

52 

R  ILIOCRISTALE 

-6.82 

-14.39 

12.71 

53 

LEFT  ASIS 

.88 

12.88 

.88 

54 

RIOHT  ASIS 

.88 

-12.56 

.88 

55 

SYMPHYSION 

.88 

.67 

-8.23 

56 

L  TROCHANTERION 

-9.21 

18. 18 

-3.87 

57 

R  TROCHANTERION 

-18. 14 

-18. 15 

-3.38 

CENTER  OF  ORAUITY 

0 

-8.26 

-.81 

4. 11 

AXES  DEFINITION  POINTS 

SEONENT  RU  ARM 

4 

RIOHT  ACROMIALE 

.88 

-.88 

.88 

18 

R  MED  HUH  EPICON 

.88 

8.88 

-32.31 

12 

R  LAT  HUM  EPICON 

.88 

-.88 

-38.78 

4 

RIOHT  ACROMIALE 

.88 

-.88 

.88 

12 

R  LAT  HUH  EPICON 

.88 

-.88 

-38.78 

4 

RIGHT  ACROMIALE 

.88 

-.88 

.88 

LANDMARKS 

4 

RIGHT  ACROMIALE 

.88 

-.88 

.88 

6 

RIOHT  POS  SCYE 

-6.98 

-.68 

-18.36 

18 

R  MED  HUM  EPICON 

.88 

8.88 

-32.31 

12 

R  LAT  HUN  EPICON 

.88 

-.88 

-38.78 

14 

RIOHT  OLECRANON 

-3.84 

3.98 

-31. IS 

16 

RIOHT  RADXALE 

-.86 

.48 

-32.75 

46 

RIOHT  ANT  SCYE 

.74 

8.42 

-18.45 

CENTER  OF  ORAUITY 

8 

-.37 

2.86 

-17.12 
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TABLE  »  la  (CONTINUED) 


SUBJECT  11 


ANATOMICAL  AXES 


SEGMENT  LANOMAAKS  AND  CENTEA  Or  OAAUITY 
WITH  RESPECT  TO  ANATOMICAL  AXES 


9 

X 

Y 

2 

AXES  DEFINITION  POINTS 

SEGMENT  RF  ARM 

28 

R  ULNAR  STYLOID 

.80 

.80 

-24.44 

22 

R  RADIAL  STYLOID 

.00 

-S.06 

-24.40 

16 

RIGHT  RADIALE 

.00 

.00 

.80 

28 

R  ULNAR  STYLOID 

.00 

.00 

-24.44 

16 

RIGHT  RADIALE 

.00 

.00 

.00 

16 

RIGHT  RADIALE 

.00 

.80 

.00 

LANDMARKS 

18 

R  MED  HUM  EPICON 

S.92 

4.75 

.63 

12 

R  LAT  HUM  EPICON 

-.05 

-.65 

1.98 

14 

RIGHT  OLECRANON 

1.04 

4.23 

2.20 

16 

RIGHT  RADIALE 

.80 

.80 

.80 

28 

R  ULNAR  STYLOID 

.80 

.08 

-24.44 

22 

R  RADIAL  STYLOID 

.80 

-5.06 

-24.40 

CENTER  OF  OAAUITY 

a 

2.32 

-.21 

-9.64 

AXES  DEFINITION  POINTS 

SEGMENT  R  HAND 

30 

RIGHT  DACTYLION 

.00 

-.25 

-11.10 

24 

R  METACARPALE  II 

.00 

-3.07 

-.00 

28 

R  METACARPALE  U 

.00 

5.00 

-.08 

24 

R  METACARPALE  II 

.00 

-3.07 

-.00 

28 

R  METACARPALE  U 

.00 

5.00 

-.00 

2'- 

R  METACARPALEIII 

-1.24 

-.00 

-1.21 

LitiNDMARKS 

20 

R  ULNAR  STYLOID 

-1.94 

4.04 

7.63 

22 

R  RADIAL  STYLOID 

-.67 

-.85 

7.99 

24 

R  METACARPALE  II 

.00 

-3.07 

-.00 

26 

R  METACARPALEIII 

-1.24 

-.00 

-1.21 

28 

R  METACARPALE  U 

.00 

5.00 

-.00 

30 

RIGHT  DACTYLION 

.00 

-.25 

-11.18 

CENTER  or  SRAUITY 

8 

.53 

.71 

2.26 
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TABLE  It  10  (CONTINUED) 


SUBJECT  11 


ANATOnXCAL  AXES 


SEGMENT  LANOMABKS  AND  CENTER  OF  GRAUITV 
WITH  RESPECT  TO  ANATOMICAL  AXES 

U  X  Y  Z 


AXES  OCriNITION  POINTS  SEGMENT  LU  ARM 


3 

LEFT  ACROMIALE 

.ae 

-.08 

.88 

9 

L  MED  HUH  EPXCON 

.aa 

-7.78 

-31.33 

11 

L  LAT  HUM  EPICON 

.aa 

-.aa 

-38.25 

3 

LEFT  ACROMIALE 

.aa 

-.aa 

.08 

11 

L  LAT  HUM  EPICON 

.aa 

-.aa 

-30.25 

3 

LEFT  ACROMIALE 

.aa 

-.aa 

.08 

LANDMARKS 

3 

LEFT  ACROMIALE 

.aa 

-.aa 

.aa 

5 

LEFT  POS  SCYE 

-7.19 

.47 

-ia.33 

9 

L  MED  HUH  EPICON 

.aa 

-7.7a 

-31.33 

11 

L  LAT  HUN  EPICON 

.aa 

-.aa 

-38.25 

13 

LEFT  OLECRANON 

-2.46 

-3.76 

-38.65 

IS 

LEFT  RADIALE 

.  14 

-.67 

-32. a6 

4S 

LEFT  ANT  SCYE 

.as 

-a.3s 

-10.89 

CENTER  OP  ORAUXTY 

a 

-.34 

-2.68 

-16.38 

AXES  DEPINITION  POINTS 

SEGMENT  LF  ARM 

19 

L  ULNAR  STYLOID 

.06 

.88 

-24. 13 

21 

L  RADIAL  STYLOID 

.88 

5.7B 

-24.68 

IS 

LEFT  RADIALE 

.aa 

.aa 

.88 

19 

L  ULNAR  STYLOID 

.08 

.88 

-24.13 

IS 

LEFT  RADIALE 

.08 

.88 

.aa 

IS 

LEFT  RADIALE 

.88 

.aa 

.aa 

LANDMARKS 

9 

L  MED  HUH  EPXCON 

5.22 

-4.78 

.87 

11 

L  LAT  HUH  EPICON 

-.39 

.61 

1.79 

13 

LEFT  OLECRANON 

.73 

-3.76 

1.91 

IS 

LEFT  RADIALE 

.88 

.88 

.88 

19 

L  ULNAR  STYLOID 

.aa 

.88 

-24. 13 

21 

L  RADIAL  STYLOID 

.08 

5.78 

-24.68 

CENTER  OP  GRAUrtr 

a 

1.84 

.66 

-9.46 
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rA8l.£  «  ta  (CONTINUES)  SUBJECT  11 


ANATOniCAU  AXES 


SeSNENT  LANONANKS  AND  CENTER  Of  GRAUITY 
UlTH  RESACCT  TO  ANATONICAl.  AXES 


It 

X 

Y 

2 

AXES  DEriNITION  POINTS 

SEGNENT  L  HAND 

23 

LEFT  DACTYLION 

-.88 

.81 

-18.93 

23 

L  NETACARPALE  11 

-.88 

3.88 

.88 

27 

L  NETACARPALE  V 

-.88 

-5.18 

.88 

23 

L  NETACARPALE  11 

-.88 

3.88 

.88 

27 

L  NETACARPALE  U 

-.88 

-5.18 

.88 

25 

L  NETACARPALEIZI 

-1.72 

.88 

-1.26 

LANOnAAKS 

19 

L  ULNAR  styloid 

-2.84 

-5.45 

7.54 

21 

L  RADIAL  STYLOID 

-1.18 

.27 

7.95 

23 

L  NETACARPALE  II 

-.88 

3.88 

.88 

25 

L  NETACARPALEIZI 

-1.72 

.88 

-1.26 

27 

L  NETACARPALE  U 

-.88 

-5.18 

.88 

23 

LEFT  DACTYLION 

-.88 

.81 

-18.93 

CENTER  or  GRAUITY 

e 

.89 

-.93 

1.98 

AXES  OEFXNtrtON  POINTS 

SEGNENT  R  FLAP 

sr 

R  TROCHANTER I ON 

.88 

.88 

.88 

S3 

R  LAT  FEN  CONDYL 

.88 

.88 

-41.41 

SI 

R  NED  FEN  CONDYL 

.88 

11.23 

-43.64 

S9 

R  LAT  FEN  CONDYL 

.88 

.88 

-41.41 

57 

R  TROCHANTERION 

.88 

.88 

.88 

57 

R  TROCHANTERION 

.88 

.88 

.88 

UANONARKS 

18 

R  GLUTEAL  FOLD 

-9.88 

8.62 

-13.54 

54 

RIGHT  ASIS 

8.82 

6.86 

5.58 

55 

SYNPNYSION 

11.38 

18.44 

-3.54 

57 

R  TROCHANTERION 

.88 

.88 

.88 

CENTER  or  GRAUITY 

8 

-.87 

8.19 

-5.86 
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TABLE  K  18  (CONTINUED) 


SUBJECT  11 


anatonical  axes 


SEOnCNT  LANONARKS  and  center  or  ORAUITY 
UITH  RESPECT  TO  ANATONICAL  AXES 


u 

X 

Y 

Z 

AXES  DEFINITION  POINTS 

SEGNENT  R  THI-F 

57 

R  trochanter I ON 

.88 

.88 

.88 

59 

R  LAT  FEN  CONDYL 

.88 

.88 

-41.41 

61 

R  NED  FEN  CONDYL 

.88 

11.23 

-43 . 64 

59 

R  LAT  FEN  CONDYL 

.88 

.88 

-41.41 

57 

R  TROCHANTERION 

.88 

.88 

.88 

57 

R  TROCHANTERION 

.88 

.88 

.80 

LANONARKS 

18 

R  qluteal  fold 

-9.86 

8.62 

-13.54 

54 

RIGHT  ASIS 

8.82 

6.86 

5.58 

57 

R  TROCHANTERION 

.88 

.88 

.88 

59 

R  LAT  FEN  CONDYL 

.88 

.88 

-41.41 

61 

R  NED  FEN  CONDYL 

.88 

11.23 

-43. 64 

63 

RIGHT  TIBIALE 

.81 

9.48 

-46.47 

65 

RIGHT  FIBULARE 

-.83 

-.66 

-45.58 

CENTER  OF  ORAUITY 

8 

.61 

6.99 

-24.25 

AXES  DEFINITION  POINTS 

SEGNENT  R  CALF 

63 

RIGHT  TIBIALE 

-.88 

-.88 

.80 

69 

RIGHT  SPHYRION 

-.88 

-.60 

-38. IV 

67 

R  LAT  NALLEOLUS 

-.88 

-7.17 

-38.12 

69 

RIGHT  SPHYRION 

-.88 

-.00 

-38. 17 

63 

RIGHT  TIBIALE 

-.88 

-.08 

.88 

63 

RIGHT  TIBIALE 

-.88 

-.08 

.88 

LANONARKS 

59 

R  LAT  FEN  CONDYL 

4.45 

-9.10 

3.45 

61 

R  NED  FEN  CONDYL 

-1.31 

.79 

3.11 

63 

RIGHT  TIBIALE 

-.88 

-.08 

.88 

65 

RIGHT  FIBULARE 

3.64 

-9.53 

-.75 

67 

R  LAT  NALLEOLUS 

-.88 

-7.17 

-38.12 

69 

RIGHT  SPHYRION 

-.88 

-.88 

-38.17 

CENTER  or  GRAVITY 

8 

-.56 

-5.82 

-13. 10 
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TABLE  It  iB  (CONTINUED) 


SUBJECT  11 


ANATOHXCAL  AXES 


SEQUENT  LANDMARKS  AND  CENTER  OF  ORAUITY 
WITH  RESPECT  TO  ANATOMICAL  AXES 


It 

X 

Y 

Z 

AXES  DEFINITION  POINTS 

SEGMENT  R  FOOT 

71  R  METATARSAL  I 

•  BB 

4.69 

.88 

73  R  METATARSAL  U 

-2.23 

-4.54 

.88 

32  R  POS  CALCANEUS 

-18.58 

-.88 

.88 

75  RIGHT  TOE  II 

6.22 

-.88 

-1.19 

32  R  POS  CALCANEUS 

-18.58 

-.88 

.88 

71  R  metatarsal  I 

.88 

4.69 

.88 

LANDMARKS 

32  R  POS  CALCANEUS 

-18.58 

-.88 

.88 

67  R  LAT  MALLEOLUS 

-14.33 

-1.44 

6. 14 

69  RIGHT  SPHVRION 

-11.23 

4.74 

4.26 

71  R  metatarsal  I 

.aa 

4.69 

.88 

73  R  metatarsal  U 

-2.23 

-4.54 

.88 

75  RIGHT  TOE  II 

6.22 

-.88 

-1.19 

CENTER  or  GRAUITY 

e 

-7.67 

.66 

1.18 

AXES  DEFINITION  POINTS 

SEGMENT  L  FLAP 

56  L  TROCHANTERION 

-.88 

.88 

.88 

SB  L  LAT  FEM  CONOYL 

-.88 

.88 

-48.54 

68  L  MED  FEM  CONOYL 

-.88 

-11.13 

-42.97 

56  L  LAT  FEM  CONDYL 

-.88 

.88 

-48.54 

56  L  TROCHANTERION 

-.88 

.88 

.88 

56  L  TROCHANTERION 

-.88 

.88 

.88 

LANDMARKS 

17  L  GLUTEAL  FOLD 

-9.49 

-9.54 

-14.12 

53  LEFT  ASIS 

7.46 

-5.42 

6.54 

55  SYMPHYSION 

18.82 

-16.94 

-1.89 

56  L  TROCHANTERION 

-.88 

.88 

.88 

CENTER  OF  GRAUITY 

B 

-1.78 

-8.35 

-5.34 

L74 


TABLE  ■  10  (CONTINUED) 


SUBJECT  11 


ANATOnICAL  AXES 


SEGNENT  LANDMARKS  AND  CENTER  OE  6RAUITY 
WITH  RESPECT  TO  ANATOMICAL  AXES 


u 

X 

Z 

AXES  DEEINITION  POINTS 

SEGMENT  L  THI-F 

S6 

L  TROCHANTERION 

-.88 

.08 

.08 

SB 

L  LAT  FEM  CONDYL 

-.08 

.08 

-40.54 

60 

L  MED  FEM  CONDYL 

-.08 

-11.13 

-42.97 

58 

L  LAT  FEN  CONDYL 

-.00 

.88 

-48.54 

S6 

L  TROCHANTERION 

-.00 

.88 

.08 

56 

L  TROCHANTERION 

-.00 

.88 

.08 

LANDMARKS 

17 

L  GLUTEAL  FOLD 

-9.4S 

-9.54 

-14. 12 

S3 

LEFT  ASIS 

7.46 

-5.42 

6.54 

56 

L  TROCHANTERION 

-.08 

.88 

.80 

SB 

L  LAT  FEM  CONDYL 

-.00 

.08 

-48.54 

60 

L  MED  FEM  CONDYL 

-.08 

-11.13 

-42.97 

62 

LEFT  TIBIALE 

1.S6 

-8.98 

-45.65 

64 

LEFT  FiaULARE 

-1.72 

.95 

-45.25 

CENTER  OF  GRAUITY 

0 

.41 

-6.88 

-23.61 

AXES  DEFINITION  POINTS 

SEGMENT  L  CALF 

62 

LEFT  TIBIALE 

.88 

.00 

.88 

68 

LEFT  SPHYRION 

.80 

.88 

-37.93 

66 

L  LAT  malleolus 

.00 

6.78 

-38.89 

68 

LEFT  SPHYRION 

.08 

.08 

-37.93 

62 

LEFT  TIBIALE 

.88 

.88 

.08 

62 

LEFT  TIBIALE 

.88 

.80 

.00 

LANDMARKS 

58 

L  LAT  FEM  CONDYL 

4.64 

8.69 

3.26 

68 

L  NED  FEM  CONDYL 

-1.81 

-.69 

3.29 

62 

LEFT  TIBIALE 

.08 

.88 

.88 

64 

LEFT  FIBULARE 

2.62 

9.98 

-1.25 

66 

L  LAT  MALLEOLUS 

.88 

6.78 

-38.89 

68 

LEFT  SPHYRION 

.88 

.88 

-37.93 

CENTER  OF  GRAVITY 

8 

-1.11 

5.81 

-13. 17 
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table  »  IB  (CONTINUED) 

SUBJECT  11 

ANATOMICAL  AXES 

SEGNENT  LANDMARKS  AND  CENTER  OF  ORAUITY 

WITH  RESPECT 

TO  ANATOMICAL  AXES 

X 

y 

2 

AXES  DEFINITION  POINTS 

SEGMENT  L  FOOT 

re 

L  metatarsal  I 

.88 

-4.22 

.88 

72 

L  metatarsal  u 

-2.88 

5.13 

.88 

31 

L  POS  CALCANEUS 

-18.29 

.88 

.88 

74 

LEFT  TOE  II 

6.22 

.88 

-1.78 

31 

L  POS  CALCANEUS 

-18.29 

.88 

.88 

73 

L  METATARSAL  I 

.88 

-4.22 

.88 

LANDNAAKS 

31 

L  POS  CALCANEUS 

-18.29 

.88 

.88 

66 

L  LAT  MALLEOLUS 

-13.32 

1.95 

6.24 

68 

LEFT  SPHYRION 

-18.19 

-3.88 

4.77 

78 

L  METATARSAL  I 

.88 

-4.22 

.88 

72 

L  metatarsal  U 

-2.88 

5. 13 

.88 

74 

LEFT  TOE  11 

6.22 

.88 

-1.78 

CENTER  OP  3RAUITY 

8 

-7.29 

-.19 

1.11 

AXES  DEFINITION  POINTS 

SEGMENT  R  FARMyH 

28 

R  ULNAR  STYLOID 

.88 

.88 

-24.44 

22 

R  RADIAL  STYLOID 

.88 

-5.86 

-24.48 

16 

RIGHT  RA^1»LC 

.88 

.88 

.88 

28 

H  OL...  S  STYLOID 

.88 

.88 

-24.44 

16 

RIGHT  RADIALE 

.88 

.88 

.88 

16 

RIGHT  RAOIALE 

.88 

.89 

.88 

LANONARKS 

18 

R  MED  HUM  EPICON 

5.92 

4.75 

.63 

12 

R  LAT  HUH  EPICON 

-.85 

-.65 

1.98 

14 

RIGHT  OLECRANON 

1.84 

4.23 

2.28 

16 

RIGHT  RADIALE 

.88 

.88 

.88 

28 

R  ULNAR  styloid 

.88 

.88 

-24.44 

22 

R  RADIAL  STYLOID 

.88 

-5.86 

-24.48 

24 

R  METACARPALE  II 

.85 

-6.88 

-32.52 

26 

R  METACARPALEIII 

-.37 

-3.53 

-33.52 

28 

R  METACARPALE  U 

2.89 

.91 

-32.04 

38 

RIGHT  DACTYLION 

.72 

-3.46 

-43.51 

CENTER  or  3RAUXTY 

8 

2.89 

-1.16 

-15.55 
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table  M  IB  (CONTINUED) 


SUBJECT  11 


ANATOnICAL  AXES 


SEGMENT  LANDMARKS  AND  CENTER  OF  GRAUITY 
WITH  RESPECT  TO  ANATOMICAL  AXES 


It 

X 

Y 

Z 

AXES  DEFINITION  POINTS 

SEGMENT  L  FARMYf 

19 

L  ULNAR  STYLOID 

.88 

.88 

-24. 13 

21 

L  RADIAL  STYLOID 

.88 

5.78 

-24.68 

15 

LEFT  RADIALE 

.88 

.88 

.88 

19 

L  ULNAR  STYLOID 

.88 

.88 

-24. 13 

15 

LEFT  RADIALE 

.88 

.88 

.88 

15 

LEFT  RADIALE 

.88 

.88 

.88 

landmarks 

9 

L  MED  HUM  EPICON 

5.22 

-4.78 

.87 

11 

L  LAT  HUM  EPICON 

-.39 

.61 

1.79 

13 

LEFT  OLECRANON 

.73 

-3.76 

1.91 

15 

LEFT  RADIALE 

.88 

.88 

.88 

19 

L  ULNAR  STYLOID 

.88 

.88 

-24, 13 

21 

L  RADIAL  STYLOID 

.88 

5.78 

-24.68 

23 

L  METACARPALE  II 

-.12 

7.39 

-33.83 

25 

L  METACARPALEIII 

-1.48 

3.92 

-33.62 

27 

L  METACARPALE  U 

1.27 

-.59 

-31.83 

29 

LEFT  OACTYLION 

-.71 

3.38 

-43.44 

CENTER  OF  GRAUITY 

e 

1.56 

1.52 

-15.21 

AXES  DEFINITION  POINTS 

SEGMENT  R  THIGH 

57 

R  TROCHANTERION 

.88 

.88 

.88 

59 

R  LAT  FEM  CONDYL 

.88 

.88 

-41.41 

61 

R  MED  FEM  CONDYL 

.88 

11.23 

-43.64 

59 

R  LAT  FEM  CONDYL 

.88 

.88 

-41.41 

57 

R  TROCHANTERION 

.88 

.88 

.88 

57 

R  TROCHANTERION 

.88 

.88 

.88 

LANDMARKS 

18 

R  GLUTEAL  FOLD 

-9.86 

8.62 

-13.54 

54 

RIGHT  ASIS 

8.82 

6.86 

5.58 

55 

SYMPHYSION 

11.38 

18.44 

-3.54 

57 

R  TROCHANTERION 

.88 

.88 

.88 

59 

R  LAT  FEM  CONDYL 

.88 

.88 

-41.41 

61 

R  MED  FEM  CONDYL 

.88 

11.23 

-43.64 

63 

RIGHT  TIBIALE 

.81 

9.48 

-46.47 

65 

RIGHT  FIBULARE 

-.83 

-.66 

-45.58 

CENTER  OF  GRAUITY 

8 

.81 

7.48 

-16.79 
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TABLE  ■  IB  (CONTINUED) 


SUBJECT  11 


ANATOMICAL  AXLS 


SEGMENT  LANOMAAKS  AND  CENTER  OF  GRAUITY 
WITH  RESPECT  TO  ANATOMICAL  AXES 


n 

X 

Y 

Z 

AXES  definition  POINTS 

SEGMENT  L  THIGH 

56 

L  TROCHANTERION 

-.88 

.00 

.  00 

58 

L  LAT  FEM  CONDYL 

-.88 

.00 

-40.54 

60 

L  MED  FEM  CONDYL 

-.08 

-11.13 

-42.97 

58 

L  LAT  FEM  CONDYL 

-.88 

.08 

-40.54 

56 

L  TROCHANTERION 

-.00 

.  00 

.  00 

56 

L  TROCHANTERION 

-.00 

.00 

.  00 

LANDMARKS 

17 

L  GLUTEAL  FOLD 

-3.49 

-9.54 

-14.12 

S3 

LEFT  ASIS 

7.46 

-5.42 

6.54 

55 

SYMPHYSION 

10.82 

-16. 94 

-1 . 89 

56 

L  TROCHANTERION 

-.00 

.  08 

.  00 

58 

L  LAT  FEM  CONDYL 

-.00 

.  00 

-40.54 

68 

L  MED  FEM  CONDYL 

-.08 

-11.13 

-42.97 

62 

LEFT  TIBIALE 

1.56 

-8.98 

-45 . 65 

64 

LEFT  FIBULARE 

-1.72 

.95 

-45.25 

CENTER  OF  GRAUITY 

8 

-.43 

-7.39 

-16.62 
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T«8LF:  b  10  (CONTINUED) 


SUBJECT  11 


ANATOMICAL  AXES 


seoMENr  landmarks  and  center  of  orauity 
WITH  respect  to  anatomical  axes 


ft 

X 

Y 

Z 

AXES  definition  points 

SEGMENT  TORSO 

53 

LCn  ASIS 

.00 

12.  80 

.00 

54 

RIGHT  ASIS 

.00 

-12.56 

.00 

^5 

T  nrk‘  r  8  T  •'^N 

.00 

.67 

-8.23 

53 

LZn  asis 

.00 

12.80 

.  00 

^4 

RIGHT  ARIS 

.00 

-12.56 

.00 

8 

POS  SUP  ILIAC  MS 

-16.60 

-.00 

9.90 

LANOn^RKS 

2 

CERUICALE 

-3.36 

-.75 

54.40 

3 

LEFT  ACROMIALE 

-4.29 

17.96 

47.21 

4 

RIGHT  ACROMIALE 

-2.81 

-19. 27 

45.81 

5 

left  POS  SCYE 

-11.44 

14.68 

37.37 

6 

RIGHT  POS  SCYE 

-10.05 

-16. 18 

36.15 

f 

laTH  ribmidspine 

-13. 38 

.28 

16.  45 

a 

POS  SUP  ILIAC  ns 

-16.68 

-.00 

9.90 

42 

LEFT  CLAUICALE 

S.53 

2.42 

47.85 

43 

RIGHT  CLAUICALE 

S.7S 

-3.85 

47.60 

44 

SUPRASTERNALE 

6.  18 

-.23 

46.37 

4S 

left  ANT  SCYE 

.  12 

15.53 

34.41 

46 

RIGHT  ANT  SCYE 

1.48 

-15.72 

33.58 

49 

LEFT  laTH  RIB 

-5.78 

12.91 

18.03 

se 

RIGHT  leTH  RIB 

-5.83 

-12.90 

15.36 

SI 

L  ILIOCRISTALC 

-6.38 

15.21 

11.93 

32 

R  ILIOCRISTALC 

-6.82 

-14.39 

12.71 

S3 

LEFT  ASIS 

.88 

12.88 

.00 

S4 

RIGHT  ASIS 

.88 

-12.58 

.08 

ss 

SYMPHYSION 

.88 

.67 

-0.23 

S6 

L  TROCHANTCRION 

-9.21 

18.18 

-3.87 

S7 

R  TROCHANTCRION 

-18. 14 

-18. 15 

-3.30 

CENTER  OF  GRAUITY 

0  -4.48  -.17  22.34 
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TABLE  »  10  (CONTINUED) 


SUBJECT  11 


ANATOMICAL  AXES 


SEGMENT  LANDMARKS  AND  CENTER  Or  GRAUITY 
WITH  RESPECT  TO  ANATOMICAL  AXES 

»  X  Y  Z 

AXES  DEFINITION  POINTS  SEGMENT  TOT  BODY 


S3 

LEFT  ASIS 

.00 

12.00 

.00 

54 

RIGHT  ASIS 

.00 

-12.56 

.00 

55 

SYMPHYSION 

.00 

.67 

-0.23 

S3 

LEFT  ASIS 

.00 

12.00 

.00 

54 

RIGHT  ASIS 

.00 

-12.56 

.00 

a 

POS  SUP  ILIAC  MS 

-16.60 

-.00 

9.90 

LANDMARKS 


1 

nuchale 

-2.88 

-1.00 

63.02 

2 

CERUICALE 

-3.36 

-.75 

54.40 

3 

LEFT  ACROMIALE 

-4.29 

17.96 

47.21 

4 

RIGHT  ACROMIALE 

-2.81 

-19.27 

45.01 

5 

left  POS  SCYE 

-11.44 

14.60 

37.37 

6 

RIGHT  POS  SCYE 

-10. 0S 

-16. 18 

36.15 

7 

t0TH  RIBHIDSPINE 

-13.30 

.28 

16.45 

a 

POS  SUP  ILIAC  MS 

-16.60 

-.80 

9.90 

9 

L  MED  HUM  CPI CON 

-5.23 

19.08 

14.90 

10 

R  MED  HUM  CP ICON 

-3.74 

-18.71 

12.54 

11 

L  LAT  HUH  CPICON 

-10.67 

23.62 

18.18 

12 

R  LAT  HUM  CPICON 

-9.04 

-23.84 

16.02 

13 

LEFT  OLECRANON 

-9.57 

19.58 

16.72 

14 

RIGHT  OLECRANON 

-0.40 

-19.01 

14.76 

IS 

LEFT  RADIALE 

-10.47 

23.66 

16.27 

16 

RIGHT  RADIALC 

-9.20 

-23.81 

14.01 

17 

L  GLUTEAL  FOLD 

-23.21 

8.09 

-13.05 

18 

R  GLUTEAL  FOLD 

-23.29 

-0.30 

-12.68 

19 

L  ULNAR  STYLOID 

-13.03 

31.69 

-6.34 

20 

R  ULNAR  STYLOID 

-11.06 

-31.50 

-9.11 

21 

L  RADIAL  STYLOID 

-13.09 

37.33 

-4.92 

22 

R  RADIAL  STYLOID 

-18.56 

-36.28 

-7.52 

23 

L  MCTACARPALE  II 

-14.83 

41.62 

-12.20 

24 

R  MCTACARPALE  II 

-10. 9S 

-40.55 

-14.65 

25 

L  HCTACARPALEIII 

-15.40 

38.50 

-13.78 

26 

R  MCTACARPALEIII 

-11.77 

-37.72 

-16.59 

27 

L  METACARPALE  U 

-12.59 

33.74 

-13.08 

28 

R  METACARPALE  U 

-9.65 

-32.88 

-16.88 

29 

LEFT  DACTYLION 

-15.76 

41.29 

-23.23 

30 

RIGHT  DACTYLION 

-11.45 

-48.72 

-26. 17 

31 

L  POS  CALCANEUS 

-40.77 

14.77 

-06.66 

32 

R  POS  CALCANEUS 

-40.82 

-10.42 

-87.22 

33 

HEAD  CIRC 

15.89 

-.82 

68.87 

34 

SELL I ON 

15.62 

-.56 

65. 16 
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TABLE  II  10  (CONTINUED) 


SUBJECT  11 


ANAToniCAL  AXES 


SCONENT  LANDMARKS  AND  CENTER  OF  ORAUITY 
WITH  RESPECT  TO  ANATOMICAL  AXES 

«  X  Y  Z 


35 

L  INFRAORBITALE 

13.63 

3.58 

63.97 

36 

R  INFRAORBITALE 

13.64 

-1.12 

63.67 

37 

LEFT  TRAGION 

6.07 

6.38 

64.22 

38 

RIGHT  TRAGION 

6.35 

-0.02 

63.88 

39 

LEFT  QONION 

5.89 

4.06 

80.35 

40 

RIGHT  QONION 

6.84 

-6.33 

88. 13 

41 

MID  thyroid  cart 

6.95 

-.39 

51.59 

42 

LEFT  CLAUICALE 

5.53 

2.42 

47.65 

43 

RIGHT  CLAUICALE 

5.75 

-3.05 

47.60 

44 

SUPRASTERNALE 

6. 18 

-.23 

46.37 

45 

LEFT  ANT  SCYE 

.12 

15.53 

34.41 

46 

RIGHT  ANT  SCYE 

1.48 

-15.72 

33.88 

47 

LEFT  BUSTPOINT 

12.11 

18.83 

20.30 

48 

RIGNT  BUSTPOINT 

12.98 

-9.83 

27.39 

49 

LEFT  10TN  RIB 

-5.70 

12.91 

16.03 

50 

RIGHT  10TH  RIB 

-5.83 

-12.90 

18.36 

51 

L  ILIOCRISTALE 

-6.38 

15.21 

11.93 

52 

R  ILIOCRISTALE 

-6.02 

-14.39 

12.71 

53 

LEFT  AS IS 

.08 

12.80 

.00 

54 

RIGHT  ASIS 

.08 

-12.56 

.80 

55 

SYMPHYSION 

.88 

.67 

-8.23 

56 

L  TROCHANTERION 

-S.21 

18.10 

-3.87 

57 

R  TROCHANTERION 

-18.14 

-18.15 

-3.38 

58 

L  LAT  FEM  CONOYL 

-23.88 

15.63 

-41.73 

59 

R  LAT  FEM  CONOYL 

-21.98 

-14.20 

-42.89 

60 

L  MED  FEM  CONOYL 

-24.53 

4.38 

-43.21 

61 

R  MED  FEM  CONOYL 

-22.34 

-2.01 

-43.96 

62 

LEFT  TIBIALE 

-23.90 

6.30 

-46.42 

63 

RIGHT  TIBIALE 

-22.48 

-4.35 

-47.06 

64 

LEFT  FIBULARE 

-26.76 

16.36 

-45.59 

65 

RIGHT  FIBULARE 

-23.09 

-14.47 

-46.70 

66 

L  LAT  MALLEOLUS 

-34.90 

17.74 

-81.74 

67 

R  LAT  malleolus 

-35.64 

-13.28 

-02.42 

68 

LEFT  SPHYRION 

-31.67 

12.04 

-03. 13 

69 

RIGHT  SPHYRION 

-32.36 

-7.03 

-03.81 

70 

L  METATARSAL  I 

-22.52 

11.57 

-09.60 

71 

R  METATARSAL  I 

-22.21 

-6.90 

-98.23 

72 

L  METATARSAL  U 

-28.28 

28.72 

-98.33 

73 

R  METATARSAL  U 

-25.30 

-15.09 

-91.36 

74 

LEFT  TOE  II 

-17.87 

15.88 

-93.08 

75 

RIGHT  TOE  II 

-16.03 

-11.74 

-93.46 

76 

CROTCH  SENSOR 

-8.64 

.53 

-14.16 

77 

(42  *  43)^2 

5.64 

-.31 

47.73 

CENTER  OF  ORAUITY 

0 

-18.16 

.86 

2.58 
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TAIUe  »  11 


SUBJECT  11  TOTAL  BODY  AMATO  AXES 


SEOnENT  CENTERS  Or  ORAUITY 
WITH  RESPECT  TO  TOTAL  BODY  ANATOMICAL  AXES 


SE6 

X 

Y 

2 

HEAD 

6.35 

-1.15 

67.56 

NECK 

3.  IS 

-.74 

55.92 

THORAX 

-2.40 

-.26 

32.63 

ABDOMEN 

-4.71 

.82 

13.78 

PELUXS 

-8.26 

-.81 

4.11 

RU  ARM 

-4.52 

-19.63 

28.54 

Rr  ARM 

-7.61 

-26.89 

4.72 

R  HAND 

-S.62 

-36.47 

-13.50 

LU  ARM 

-5.97 

19.10 

38.81 

LF  ARM 

-9.64 

27.40 

7.43 

L  HAND 

-12.87 

37.46 

-11.20 

R  FLAP 

-12.58 

-9.44 

-7.95 

R  THX-F 

-16.32  / 

-8.87 

-26.83 

R  CALF 

-28.97 

-18.05 

-58.48 

R  FOOT 

-29.88 

-10.67 

-88.28 

L  FLAP 

-12.88 

9.51 

-7.64 

L  THX-F 

-17.26 

9.86 

-25.59 

L  CALF 

-38.37 

12.78 

-57.71 

L  FOOT 

-29. 76 

15.32 

-87.66 

R  FARMTH 

-8.19 

-29.66 

-.56 

L  FARM^H 

-18.52 

38.28 

2.36 

R  THXOH 

-14.77 

-9.18 

-10.70 

L  THXOH 

-15.58 

9.73 

-18.72 

TORSO 

-4.48 

-.17 

22.34 

TOTAL  BODY 

TOT  BODY 

-18. s6 

.06 

2.50 
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TABLE  n  12 


SUBJECT  11 


TOTAL  BODY  ANATO  AXES 


WITH 

ORIQIN  OF  SEOMENT 
RESPECT  TO  total 

ANATOMICAL  AXES 
BODY  ANATOMICAL 

AXES 

SCO 

X 

Y 

Z 

HEAD 

6.20 

-.71 

64.82 

NECK 

-3.36 

-.7S 

54.48 

THORAX 

-13.3a 

.28 

16.45 

ABDOMEN 

-5.77 

.26 

15.78 

PELUIS 

o.aa 

8.88 

8.08 

RU  ARM 

-2.81 

-19.27 

45.81 

RF  ARM 

-s.2a 

-23.81 

14.81 

R  HAND 

-ia.4s 

-37.63 

-15.47 

LU  ARM 

-4.29 

17.96 

47.21 

LF  ARM 

-ia.47 

23.66 

16.27 

L  HAND 

-13.49 

38.65 

-12.83 

R  FLAP 

-ia.i4 

-18.15 

-3.38 

R  THI-F 

-la. 14 

-18.15 

-3.38 

R  CALF 

-22.48 

-4.35 

-47.86 

R  FOOT 

-22.68 

-11.58 

-91.84 

L  FLAP 

-9.21 

18.18 

-3.87 

L  THl-F 

-9.21 

18.18 

-3.87 

L  CALF 

-23.98 

6.38 

-46.42 

L  FOOT 

-22.84 

15.76 

-98. 15 

R  FARMTH 

-9.20 

-23.81 

14.81 

L  FARM+H 

-18.47 

23.66 

16.27 

R  THXCH 

-18. 14 

-18.15 

-3.38 

L  THIOH 

-9.21 

18.10 

-3.87 

TORSO 

0.80 

8.88 

8.80 

total  body 

TOT  BODY  a . aa 

8.88 

8.08 
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table  «  13 


SUBJECT  11 


SEGMENT  PA  AXES 


DIRECTION  COSINES  (ANGLES)  OF  SEGMENT  ANATOMICAL  AXES 
WITH  RESPECT  TO  SEGMENT  PA  AXES 
(RA>  :  CDAGI  CDGPI  (RP) 

SEGMENTS 


HEAD 

. 86358 ( 

38.3) 

-. 128351 

96.9) 

-.48963(119.3) 

. 18258 ( 

84.1) 

.992721 

6.9) 

-.863211 

93.6) 

.48368  ( 

68.4) 

.884481 

89.7) 

.869641 

29.6) 

NECK 

. 98567 ( 

9.7) 

-.881741 

94.7) 

. 147551 

81.5) 

.  88261  ( 

8S.3) 

.996581 

4.7) 

.888241 

98.8) 

14787 ( 

98.5) 

.811951 

89.3) 

.989851 

8.5) 

THORAX 

. 96737 ( 

14.7) 

. 82894 1 

88.8) 

-.25251(184.6) 

88944 ( 

98.5) 

.998871 

2.7) 

.846681 

87.3) 

. 25328 ( 

75.3) 

-.842771 

92.5) 

.966471 

14.9) 

ABDOMEN 

. 99259 ( 

7.8) 

.881161 

89.9) 

. 121491 

83.8) 

-.88173( 

98.1) 

.999991 

.3) 

.884591 

89.7) 

12149( 

97.8) 

-.884771 

98.3) 

.992581 

7.0) 

PELUIS 

. 99445 ( 

6.8) 

.843341 

87.5) 

-.895831 

95.5) 

84372 ( 

92.5) 

.999841 

2.5) 

-.881871 

98.1) 

. 89566 ( 

84.5) 

.886851 

89.7) 

.995481 

5.5) 

RU  ARM 

. 73441 < 

42.7) 

-.677941 

132.7) 

-.832241 

91.8) 

.669781 

48.8) 

.731561 

43.8) 

-.127781 

97.3) 

. 11821 ( 

83.7) 

.872251 

85.9) 

.991281 

7.6) 

RF  ARM 

.929531 

21.6) 

.357891 

69.1) 

.892821 

84.7) 

-.367851111.5) 

.919941 

23.1) 

. 137821 

82.1) 

-.835441 

92.8) 

-.161891 

99.3) 

.986171 

9.5) 

R  HAND 

.968581 

14.4) 

-.247961184.4) 

-.819221 

91.1) 

.247481 

75.7) 

.953251 

17.6) 

. 173411 

88.8) 

-.824681 

91.4) 

-.172721 

99.9) 

.984661 

18.8) 

LU  ARM 

.815251 

35.4) 

.577831 

54.8) 

-.849881 

92.8) 

-.56916(124.7) 

.813991 

35.5) 

.116881 

83. 3) 

. 186871 

83.9) 

-.866741 

93.8) 

. 99283 1 

7.2) 

LF  ARM 

.945681 

19.8) 

-.389881188.8) 

.899381 

84.3) 

.321541 

71.2) 

.936421 

28.5) 

-. 148471 

98.1) 

-.849471 

92.8) 

. 164761 

88.5) 

.985891 

9.9) 

L  NANO 

.979661 

11.6) 

.194261 

78.8) 

-.858321 

92.9) 

-.28862(181.6) 

.953691 

1-7.5) 

-.224181 183.8) 

.884451 

89.7) 

.229641 

76.7) 

. 97327 1 

13.3) 

R  FLAP 

,984441 

18.1) 

.167941 

88.3) 

-.851781 

93.8) 

-.144361 

98.3) 

.948791 

19.8) 

.386721 

72.1) 

.188231 

84.2) 

-.294471187.1) 

.958391 

18.1) 

R  THI-F 

.995811 

5.2) 

.831841 

88.2) 

.885751 

85.1) 

-.833951 

91.9) 

.999151 

2.4) 

.823261 

88.7) 

-.884931 

r-i  9) 

-.826881 

91.5) 

.996851 

5.1) 
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table  a  13  (CONTINUES)  SUBJECT  11 


sceiiCNT  PA  axes 


DlACCTtON  COSINES  (ANGLES)  OP  SEGHENT  ANATOI1ICAL  AXES 
WITH  RESPECT  TO  SEGMENT  PA  AXES 
(RA)  :  COAGl  COQPI  (RP) 

SEGMENTS 


R 

o 

r 

.ri?36( 

44.2) 

-.69592(134.1) 

. 832981 

88.1) 

. 69644 ( 

45.9) 

.71759( 

44.1) 

-.806481 

98.4) 

-.at91S( 

91.1) 

. 82762 ( 

88.4) 

.999441 

1.9) 

R 

FOOT 

. 98795 < 

8.9) 

. 86745 ( 

86.1) 

. 13931 ( 

82.0) 

-.aiS43( 

91.1) 

. 94491 1 

19.1) 

-.32680(189.1) 

-.lS36a( 

98.8) 

. 32838 ( 

71.3) 

.934771 

28.8) 

L 

FLAP 

. 94288 ( 

19.6) 

-.31616(108.4) 

-.111961 

96.4) 

. 26845 ( 

74.4) 

.910891 

24.4) 

-.31348(188.3) 

. 28187 ( 

78.4) 

.265191 

74.6) 

. 94388 ( 

19.4) 

L 

TMI-F 

.96511( 

15.2) 

-.24973(104.5) 

.078721 

85.5) 

. 25343 ( 

75.3) 

.966481 

14.9) 

-.84103( 

92.4) 

86583 ( 

93.8) 

.8S95S1 

86.6) 

. 99685 ( 

5.1) 

L 

CALF 

.8taS8( 

35.1) 

.572671 

55.1) 

.845931 

87.4) 

-.57352(125.8) 

.619161 

35.8) 

.886951 

89.6) 

-. 833641 

91.9) 

-.832831 

91.8) 

. 99892 ( 

2.7) 

L 

FOOT 

. 98768 ( 

9.8) 

-.863581 

93.6) 

. 143851 

81.8) 

.81743( 

89.8) 

.952931 

17.6) 

. 38267 ( 

72.4) 

-. 15553 < 

98.9) 

-.296451187.2) 

.942381 

19.6) 

R 

FARM+H 

.983781 

18.3) 

. 172361 

88.1) 

.849741 

87.1) 

-.17882(188.3) 

.972291 

13.5) 

.152891 

81.3) 

-.82214( 

91.3) 

-.158491 

99.1) 

.987111 

9.2) 

L 

FARHt-H 

. 98592 ( 

9.6) 

-.155431 

98.9) 

. 86165 ( 

86.5) 

.  16284 ( 

88.6) 

.976261 

12.5) 

-.142861 

98.2) 

-. 83799 < 

92.2) 

.158891 

81.3) 

.987821 

9.8) 

R 

THIGH 

.992261 

7.1) 

.128121 

83.1) 

-.831651 

91.8) 

-.118851 

96.8) 

.992131 

7.2) 

.639411 

87.7) 

.836131 

87.9) 

-.835341 

92.8) 

.998721 

2.9) 

L 

THIGH 

.967591 

14.6) 

-.246851 

184.3) 

-.853311 

93.1) 

.243741 

75.9) 

.969871 

14.5) 

-.858651 

93.4) 

.866891 

86.2) 

.843761 

87.5) 

.996851 

4.5) 

TORSO 

.984431 

18.1) 

.082281 

89.9) 

. 175761 

79.9) 

-.801861 

98.1) 

.999971 

.4) 

-.887861 

98.4) 

-.17577(180.1) 

.086761 

89.6) 

.984411 

18.1) 

TOTAL  BOBY 

TOT  BOBY 

.966151 

15.8) 

-.838851 

92.2) 

.285161 

75.2) 

.843821 

87.5) 

.998921 

2.7) 

-.816211 

98.9) 

-.28426(184.7) 

.826791 

88.5) 

.966761 

14.8) 
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table  *  14 


SUBJECT  11 


GLOBAL  AXES 


SEGMENT 

inertial 

TENSOR 

AT  SEGMENT 

center 

OF  GRAUI 

MITH 

RESPECT 

TO  GLOBAL 

AXES 

segments 

HEAD 

173580. 

-5062. 

26133. 

-5862. 

210055. 

3142. 

26133. 

3142. 

162892. 

NECK 

13692. 

-303. 

2233. 

-383. 

15497. 

220. 

2233. 

220. 

15720. 

THORAX 

3266945. 

16077. 

253768. 

16877. 

2720380. 

-16413. 

253760. 

-16413. 

2196974. 

abdomen 

41754. 

-19. 

12. 

-19. 

23441. 

-18. 

12. 

-10. 

64332. 

PELOIS 

1005989. 

-14306. 

-62558. 

-14306. 

745328. 

5788. 

-62550. 

5788. 

1257085. 

RU  arm 

121995. 

1770. 

12995. 

1770. 

126907. 

-11084. 

12995. 

-11084. 

25168. 

RF  ARM 

40259. 

317. 

1008. 

317. 

38633. 

-15895. 

1800. 

-15895. 

16968. 

R  HAND 

11653. 

434. 

838. 

434. 

8591. 

-2765. 

830. 

-2765. 

4338. 

LU  ARM 

108563. 

-2589. 

10678. 

-2589. 

112176. 

11625. 

10678. 

11625. 

24977 . 

LF  ARM 

56293. 

075. 

25. 

075. 

45996. 

17911. 

25. 

17911. 

17977. 

L  NANO 

10824. 

-29. 

176. 

-29. 

8273. 

2236. 

176. 

2236. 

3588. 

R  FLAP 

173394. 

8073. 

-467. 

0873. 

230719. 

15369. 

-467. 

15369. 

290916. 

R  THI-F 

584221 . 

3051. 

-51020. 

3051. 

610022. 

17367. 

-51820. 

17367. 

263753. 
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TABLE  H  14  (CONTINUED) 


SUBJECT  11 


SLOBAL  AXES 


SE(3MENT 

INERTIAL 

TENSOR  AT  SEGMENT 

CENTER 

OF  GRAUI 

MITH 

RESPECT  TO  GLOBAL 

AXES 

SEGNENTS 

R  CALF 

487912. 

-3888. 

-29141 . 

-3880. 

491922. 

-29644. 

-29141. 

-29644. 

78744. 

R  FOOT 

7819. 

1288. 

3346. 

1286. 

38189. 

-974. 

3346. 

-974. 

38279 . 

L  FLAP 

148492. 

-11993. 

-1611 . 

-11993. 

199294. 

-13199. 

-1611. 

-13199. 

248366. 

L  THI-F 

968497. 

-9813. 

-72923 

-9813. 

689829 . 

-12719. 

-72923. 

-12719. 

266491. 

L  CALF 

488239. 

1181. 

-8933. 

1181. 

488886 . 

48974. 

-6933. 

48974. 

69393. 

L  FOOT 

7339. 

-1194. 

3266. 

-1194. 

31797. 

911. 

3266. 

911. 

31931. 

R  FARMTH 

188199. 

6871. 

13687. 

6871. 

146633. 

-73838. 

13687. 

-73838. 

92664. 

L  FARM+H 

284768. 

-1819. 

9914. 

-1819. 

164389. 

79291. 

9914. 

79291. 

49489. 

R  THIGH 

1662997. 

11818. 

-48872. 

11818. 

1749789. 

41139. 

-48872. 

41139. 

394891. 

L  THIGH 

1972898. 

-17818. 

-98179. 

-17818. 

164S263. 

-28236. 

-98179. 

-28236. 

919399. 

TORSO 

18649339. 

3918. 

314429. 

3918. 

9747821. 

-91119. 

314429. 

-91119. 

3323789. 

TOTAL  BODY 

TOT  BODY  115281278. 

311622. 

-3839217 

311622. 

187629825. 

-532665 

-3839217. 

-532665. 

12657855 

table  b  is 


SUBJECT  11 


global  axes 


PERCENT  or  uoluhe  from  floor  to  specified  heights 


HEIGHT 

y.  height 

7.  UOLUFIE 

172.95 

188 

188.88 

169.49 

98 

99.68 

166. B3 

96 

98.65 

162.57 

94 

97.38 

159. 11 

92 

96.  18 

155.65 

98 

95.34 

152. 19 

88 

94.22 

148.73 

86 

93. B3 

145.27 

84 

93.29 

141.81 

82 

92. 12 

138.36 

BB 

98.81 

134.98 

78 

87.98 

131.44 

76 

84.33 

127.98 

74 

88.  19 

124.52 

72 

75.83 

121.86 

78 

71.69 

117.68 

68 

69.29 

114, 14 

66 

65.24 

118.68 

64 

63.48 

187.23 

62 

68.75 

183. 77 

68 

56.  27 

188.31 

58 

52.78 

96.85 

56 

58.89 

93.39 

54 

46.83 

89.93 

52 

41.83 

86.47 

98 

37.56 

83.81 

48 

33.31 

79.55 

46 

38.63 

76.  18 

44 

26.37 

72.64 

42 

24.41 

69.  18 

48 

21.78 

65.72 

38 

28.  19 

62.26 

36 

17.41 

58.88 

34 

16.19 

55.34 

32 

14.58 

51.88 

38 

13.  13 

48.42 

28 

11.82 

44.97 

26 

18.68 

41.51 

24 

9.  97 

38.85 

22 

8.85 

34,59 

28 

7.65 

31.13 

18 

6.44 

27.67 

16 

5.69 

24.21 

14 

4.43 

28.75 

12 
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